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some of the doings of modern science described. 


Ferns of the Northwest. T.C. Frye. iii+178 pp. 
llustrated. $2.00. Metropolitan Press. 

A handbook and reference for amateur collectors 
of ferns of the Northwest. The author includes in the 
table of contents—the ferns compared with mosses 
and seed plants; relationships among ferns; Pteri- 


dophytes; and the fern group as a whole 


Field Book of Insects. F. E. Lutz. Third Edition, 


iv+510 pp. Illustrated. $3.50. Putnam. 


There is much general information for the lay 
reader as well as for the student in this comprehen- 
sive handbook of the insects of the United States and 
Canada, including methods of collecting, identifying, 
and preserving insects. Dr. Lutz is curator at the 
American Museum of Natural History. 

The Genetics of Garden Plants. M. B. CraANE and 
W. J. C. LAWRENCE. xvi+236 pp. Illustrated. 
$3.00. Macmillan, 
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ciples of genetics and cytology as applied to horticul- 
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pp. Illustrated. $2.75. Harper. 


A survey of the influence of scientific discovery on 
society. The author, of King’s College, London, sug- 
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knowledge and its application. He discusses the 
relationship of science to our food, building, clothing, 
health and communications. He stresses its use in 
war and finally its international needs. 


The Doctor in History. H. W. Haccarp. y+ 408 
pp. Illustrated. $3.75. Yale University. 


Starting with the dinosaur and continuing down to 
the present day, the author tries to show how his- 
tory may be seen through the lives of the great doc- 
tors and through the advance of medical science. 
The medicine man of primitive times appears to- 
gether with Imhotep, Aesculapius, Vesalius, Galen, 
Lister and Pasteur. 


Europe. S. VAN VALKENBURG and | 
x+651 pp. Tlustrated. $4.50. W 
“Europe,” representing the combin: 
an American and a European geogray 
nearly equal proportions upon perso: 
reading and statistics. Descriptions 
appearance and main natural regions of 
precede a study of its soil, vegetation 


population. 


The Trarahumara. W. ©. BENNET 
ZINGG, xix+412 pp. Illustrated. ¢4 
University. 

This volume in the ethnological serix 
versity of Chicago publications in ant 
scribes a_ little-known, primitive 1 
Northern Mexico, with a population 
sand, which has maintained one of th: 
aboriginal American cultures. 


Science and the Human Temperament 
DINGER. xXxiv+192 pp. $2.50. Nort 
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A selection of addresses by the f 
of theoretical physics in the Universit 
which the author gives his views on th: 
theories of atomic phenomena on the 
concepts underlying our interpretati: 
terial world. 


The Frontiers of Psychology. W. M 
xiv+235 pp. $2.00. Appleton-Centur 


The author endeavors to demonstrat: 
in scientific fields can solve their probler 
of psychology since every science is t} 
mental activity. He gives a detailed 
three concepts: “energy” of the physicist 


ress” of historians and “valuation” of ecor 


The Individual Criminal. B. KarpMa 
pp. Illustrated. $4.50. The Nervous 
Disease Publ, Co. 


Factors of broken home situations and 
milieu of the criminal are emphasized in t 
graph of a series edited by Jelliffe and W! 
author attempts to show that crime appears 
as “psychopathy,” but as a highly specif 
neurosis. 


Building Your Life. M. E. BENNET! 
pp. $2.50. McGraw-Hill. 


Po. 


This book offers adventures in self-dis 
self-direction, the purpose of which is to « 
reader to live a full life with a purpos 
towards which to strive. A number of tests 


vided for discovering one’s own characterist 


The Great Design. Edited by F. Mason 
$2.50. Macmillan. 


In this volume fourteen scientists, each 


viewpoint of his own especial field of science 
to show that the ordered harmony, the n 
precision, the great design of the whole, 
ever increasing force to a “Purposing and 
Mind”; that the discoveries of science stré 
weaken, belief in a Creator. 
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BAMBOO—A TAXONOMIC PROBLEM AND AN 
ECONOMIC OPPORTUNITY 


By Professor F. A. McCLURE 


DEPARTMENT OF BIOLOGY, 


ASPECTS OF THE TECHNIQUE OF 
BAMBOO STUDY 

Durine the 
the field of economic botany at Lingnan 
naturally 
much the 
group of plants of great 
in the agricultural and industrial econ- 
omy of the Orient. About fourteen 
years ago I began to collect herbarium 


SOM! 


eourse of my work in 


University, I have become 


interested in bamboos. a 


importance 


specimens in southern China, a region 
very rich both in variety and abundance 
of bamboos. The plants collected were 
submitted to specialists for identifica- 
The determinations returned for 
incon- 


tion. 
the bamboos were particularly 
My 
quent experience has made clear to me 
the chief reasons for these faulty deter- 
minations. 

The fragmentary nature of the speci- 
mens, including types, existing in the 
herbaria of the world; the inadequacy 
of the original descriptions, frequently 
combined with failure to cite type speci- 
mens; and the confusion of names which 
prevails in most of the literature, are 
conditions which, while not peculiar to 
this group, are particularly accentuated 
in respect to the bamboos. Again, the 
average collector has only the vaguest 
idea as to what constitutes an adequate 
herbarium specimen of a bamboo. And, 
naturally, he seldom recognizes the need 


sistent and unsatisfactory. subse- 


LINGNAN 


UNIVERSITY, CANTON 


of supplementing his specimens with 


notes about those parts or the plant 
which he can not conveniently take with 
him, beyond recording the height and 
the 


underground 


diameter of stems. The nature of 
the 


and the branching habit. both characters 


part the rhizome 


of great diagnostic value. are usually 


either neglected entirely, or referred to 
only in the most general, or 


even inac 


curate, terms The making of adequate 
specimens of bamboos, even under ideal 
conditions, requires special knowledge 
and special techniques just as certainly 
as does the making of 


usable specimens 


of fleshy fungi, for example, or of cer 
algae 
the 
it should be said that, of neces 


tain groups of 


In defense of average collector, 
however, 
sity, he usually makes his specimens of 
the 


many of the 


during course of routine 


Also, 


are exceedingly variable in 


bamboos 

collecting. bamboos 
respect to 
And, 


most important of all, several very es- 


certain characters or structures 
sential structures of the bamboo plant 
are available only at more or less remote 
intervals. Moreover, it rarely happens 
that all the structures are available in 
good condition for collecting at any one 
time. The leaves are, of course, present 
throughout the year as a rule, but, in 
response to various factors, they range 
widely in respect to and 


size shape. 
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CUTTING A BAMBOO SHOOT 


THE EDIBLE BAMBOO SHOOTS PRODUCED AT CAN 


TON IN SOUTHERN CHINA COME CHIEFLY FROM 


SYMPODIAL BAMBOOS Bambusa aNd Dendro 


calamus spp THESE SHOOTS ARE USUALLY 
CUT BEFORE THEY HAVE EMERGED FROM THE 
HEAP OF EARTH THAT IS THROWN UP AROUND 


THE BASE OF EACH CLUMP., AFTER THEY HAVE 
EMERGED THEY RAPIDLY BECOME FIBROUS AND DE 
VELOP A BITTER PRINCIPLE WHICH MAKES THEM 


LESS PALATABLE. 


The culm sheaths are structures of 
great diagnostic value in most species, 
vet these and the prophylls of the culm 
branches are usually available in good 
condition for collecting during only a 
short portion of each year. The flowers 
are produced only after a long period 
of development, at least in most of the 
bamboos about which anything is known 
in this respect. When it is remembered 
that the organs of reproduction are the 
traditional basis of all taxonomic work 
with plants, the indispensability of these 
structures for purposes of identification 
This holds notably 


for the grasses generally, and especially 


is at once apparent. 


for the bamboos, where the vegetative 
bases for identification have not yet been 
established. 
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Considerable study has been 
especially in Japan, to the pr 
the causes of the flowering an 
bamboos, and it is quite poss 
a way may eventually be fom 
duce the plants to produce fi 
will. It appears that flowering 
more commonly in certain sp 
ing years of drought; the dra 
an area occupied by bamboo 
known to precipitate flowering 
whole grove, and injury by fir 
followed by flowering in some s 
But until some reliable method 
devised which will enable us 
cause recalcitrant species to flow 
out dying, we shall have to w 
other lines. 

Rarity of flowering among 
boos presents, then, a real pr 


the taxonomist. But there is 


aspect of the behavior of bamboos 


is scarcely less disconcerting, an 
the suppression of their veget 
tivity during the flowering pe 
has been my observation that 
bamboo plant comes fully into tl 
ering or reproductive condition 
always a very definite suppressio! 
vegetative activity. That is, whe 
ers are produced, there is a more 
complete cessation of growth in 
stem and branches. This is just 
we would expect to find, knowing 
But it 


different extremes in different s) 


we do about physiology. 
In some (the monocarpic’ ones 
vegetative activity is reduced to s 

low ebb that the whole plant dies 

is the story that one has heard 
times in connection with some 
other sp . 


bamboos ot India. In 


however, only the portion abo 


ground dies, while the rhizomes 1 
alive and gradually give rise 
plants. Recovery is very slow, hi 
1The term monocarpic means ‘‘ pr g 
fruit but once and dying after fructif 

This condition is the rule among herbac« 
nuals, but it is a rare condition among 
plants. 
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- . the foliage and the stored food 
4 S the production of the inflores- 
Pe are lost to the living part of the 
© »lants. The new stems and new foliage 
S produced by the rhizomes are often very 
¥ 7 reduced in size at first, and the 
. <tem-sheaths are scarcely typical for the 


rst vear or two after flowering has 
In still other species, and more com 
y than is generally supposed, the 
fowering normally does not result in 
death of any part of the plant, but 
s accompanied, nevertheless, by a more 
r less complete cessation of all vege 
tative growth over a period of variable 
duration 
From what has just been pointed out 
ut the suppression of vegetative 
rrowth during flowering, it will be ap 





arent that certain structures will be 


BAMBOO SHOOTS IN THE MARKI 


» poorly, if at all, represented in speci 
mens collected from plants in flower 


Hi Os ONSI oO 1 oo 
This applies particularly to the culm = marker ar OSE O} ~ J 
sheaths and all other parts which are ‘tachys edulis (Carr.) Ho 
quickly destroyed by weathering. Some- °F THE MONOPOD 
. SMA OKRMA SHOOTS A 
times even the leaves are almost entirely DUEL ; 
if absent, especially during the advanced THESE ARE so 7 R oO Oo 
| stages of flowering, or they may be HEIGHT OF SEVERAL FI LND oF 
much reduced in size. If, however, a) Soro oo oo ~ 
specimens are taken from plants not in . 
A : single species, Characters [rom tour dis 
ower. : shan 
flower, as is often done in order to get a . 
os - 7 : tinct species belonging to two venera 
fuller representation of the vegetative mn 
were mixed together This wou d not 


parts, they are almost useless to the , ful 

~~ ve done wilfully, of course, but it may 
taxonomist, with the knowledge of the ...:).. ; , 
. easily happen as a result of associating 


group in its present state. specimens from different plants on the 
A question may be raised as to the assumption that they belong to the same 
: s feasibility of taking flowering specimens species : 
5 from one plant and vegetative speci- M\ preliminary work on the bamboos 
il mens from another of the same species has convineed me that familiarity with 
R & This has been attempted in many in- the living plants IS an @ssentia ore para 
stances, but the procedure is fraught tion for sound taxonomic work on this 
with very grave dangers, especially when group. To achieve this, one must be 
: the vegetative structures of the species able to return again and again to tl 
\ n question have not already been asso- same plants to make notes and ake 
lated unmistakably with flowers of the specimens at the different stages of the 
g same species. An instance came to my development, in order to assemble a 
attention some time ago where, in the sufficiently complete array of the strue 





ceseription of what was taken for a tures essential for purposes if ident 
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tion. This conviction led me to under 
take to bring together, at Lingnan Uni 
versity, living plants of as many of the 
Chinese bamboos as will grow there 

The Lingnan University bamboo gar 
den was started in 1920. To date about 
590 introductions have been made, mostly 
from seven provinces of China but in- 


garden is plotted. <A record is 
the source of each pliant, the d 
introduction, its vernacular n; 
uses, if any, and any other obs 
which seem pertinent. When a 
first introduced, herbarium sg) 
are made of all the available st 


and a record of these iS kept, a 


BRINGING BAMBOO SHOOTS FROM THE COUNTRY 
In APRIL, OVER NARROW, WINDING ROADS, FARMERS TREK TO TOWN BEARING BASKETS OF 5 
LENT BAMBOO SHOOTS. 


eluding a few from the Philippines and 
from Indo-China.? Every introduction 
is given a distinctive number, the plants 


are tagged, and their position in the 


2For plants of a number of species from 
Chekiang and Kiangsu provinces I am indebted 
to the Metropolitan Institute Museum at Nan- 
king, through the coperation of the director, 
Dr. S. S. Chien, and Professor R. C. Ching, then 
botanist of that institution. 


the information just mentioned. It 

often happens that neither culm sh: 
nor flowers are available at first 

soon as these structures appear, the) 
collected and the fact is recorded. T! 
as the picture of the plant represent 
by each introduction number beco! 
more and more complete, its identity 
comes clearer and clearer, the identi 
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different numbers becomes ap- Since very early times, 1 
and finally, I have not only an _ boo has supplied raw materia 
ite idea of the range of variation clothing and shelter, as well] 
species, but I know its geograph tools and utensils of everyday) 
stribution as well. the essential writing mater 
At first thought this seems like a long- ing ink, have been made 
task. But one does not have to China since the beginnings 
ong for the results to begin coming times Bamboo slips tormed 
Every year since the garden was the earliest books in C 
tarted I have added numerous flower- after the discovery of the 
specimens to the herbarium eollee- paper, bamboo became, and st 
Twenty-six of the plants were in 
flowering condition when I left Canton 
e summer of 1933. <A subsequent 
eport for last summer added another 
six numbers. A few have died in the 
of flowering, while many have con- 
tinued flowering over a period of years 
The central idea of this method, then, 
to bring together a more complete pic 
ture of each species, embracing both the 
floral characters and the range of vege 
tative characters peculiar to each. Once 
complished, this will enable us to 
bridge the gap between any names which 
have been established in the literature on 
the basis of floral characters, on the one 
hand, and the plants as they grow, on 
the other. It will then be a relatively 
easy matter to identify bamboos in the 
vegetative state. Horticulturists have 
little difficulty in distinguishing the 
different kinds, once they are familiar \ SHOP OF BAMBOO WARI 
with them. The difficulty is that no one  Tuis park LITTLE SHOP IS FILLED TO 0 
is able, with certainty, to attach to many '!N@ WITH BAMBOO WARE OF EV! 


" . ‘f CHAIRS FOR UNG 
f them the correct scientific names. In — 


: ‘ . ae SIEVES AND TRAYS 
the genus for which I have just finished 
a revision, I have had no trouble at all go far as China is co 


in finding good vegetative characters for pulp material par excellence 


distinguishing the species from each wonder. then. that the civiliz: 
other. Orient has been spoken 0 
civilization 

SOME Economic Aspects or BAMBOO A list of 

The interest which bamboo has stimu are put in 

ated in the West frows largely out of out of place here (one 
the facet that this plant has, in many of published an incomplete list of 
's forms, played a very important part such items. The compiling of 
n the economic life of the people where is a pursuit which has fascinaté 


thrives, particularly in the Orient. ern dwellers in the East sinee 
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THE PROTOTYPE OF OUR HOE DRILL IS FASHIONED FROM BAMBOO 


BAMBOO WATER WHEELS 
IN EARLY SPRING SWOLLEN STREAMS ARE HARNESSED TO COMPLAINING BAMBOO WHEELS 
LIFT THEIR WATERS TO THE PADDY FIELDS. 
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A far more interesting and sig- because of the evenness of 
aspect of the subject, and one the lack of prominence 
ch I have seen very little refer- yields the entire supply 
ence in the literature, is that of the which comes to this countr 
special adaptabilities of many kinds of certain types of bri 
hamboos to particular uses. Speaking Still another specie 
the bamboo economy of any given’ evenness of grain 
area, some articles are so regularly made nodes with unpara 
fa particular kind of bamboo that one _ resiliency, is 


‘van only conclude that there are definite to any extent 


WHERE BAMBOO ROPE IS MADE 
BAMBOO ROPE OF VARIOUS KINDS IS WIDELY USED IN CHINA. THE TOWER HERE SHOW? 
FOR THE MAKING OF ONE SORT, WHICH IS BRAIDED FROM SLENDER STRIPS SPLIT FROM 
or Phyllostachys edulis. IN THE VAT IN THE FOREGROUND, THE FINISHED PRODUC! 
*“CURED’’ IN LIME-WATER. THE LATTICED WALLS OF THE SHEDS AND THE PICKET FI 


LIKEWISE MADE FROM SPLIT BAMBOO TAKEN NEAR SHA-WU, KIANGSI 


correlations between the structure and ing split-bamboo fishing rods. Dr 
mechanical properties of the stems of child’s article in a recent number of 


the different kinds, on the one hand, and National Geographic Magazine calls to 


} 


the requirements of the respective pur- mind an example from South America 


poses for which they are used, on the Certain tribes of Indians there always 
other. In southern China, for instance, make their blow guns, which are weap 
a certain species of bamboo, because of ons of great accuracy, of a certain spe 
the stiffness and ruggedness of its stems, cies of bamboo which is s: ) Possess, 
is always used for seaffolding and the among its distinctive characters, stems 


Irames of mat sheds. Another species, with one very long and vers Straight In- 
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ternode. Such examples could be multi- the ornamental value of th 
plied indefinitely. plants, which makes them un 

Speaking of bamboo in general, I will horticultural subjects. The n 
mention a few of the characteristics value of the young shoots, the 
which give it certain advantages over value of the leaves, the high cont 
similar materials, such as wood, rattan, productivity of bamboo per unit | 
ete. The physical properties of the once a plot is established, aré 
stems, such as the hollow, cylindrical which suggest the promise of its \ 
form, with diaphragms, make for rela- eventually a place for itself amo: 
tive lightness in proportion to strength. economie cultures. 


MAKING PAPER FROM BAMBOO 
SOON AFTER THE DISCOVERY OF THE ART OF PAPERMAKING, BAMBOO BECAME, AND STILL REMAINS 
SO FAR AS CHINA IS CONCERNED, THE PAPER PULP MATERIAL par excellence. THIS PI 
SHOWS A RETTING VAT IN NORTHERN KWANGTUNG, FROM WHICH THE DIGESTED BAMBOO IS ! 


REMOVED. THE MATERIAL IS NOW READY TO BE PULPED. 


Its splitting qualities make for ease of It will be necessary, however, t 
working and economy of labor. The _ sider some of the potential obstacles 
flexibility of slender strips of bamboo the rapid spread of the culture of 
adapt it to the requirements of weaving boo in the United States. The 
and rope-making. The ease with which miliarity of our people with bamb 
the stems may be warped by the use of a cultivated plant, with its cultura 
heat contrasts bamboo favorably with quirements and its potential usefulness 
other woods for many purposes. Fin- in our scheme of things, must be 
ally, the natural stems lend themselves come by gradual education. The | 
especially well to the making of various ent incompleteness of our know 
objects of rustic appeal. Then there is concerning the kinds that will thriv 
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i pet. 


ay . 
4 ae me 


BAMBOO AS A GARDEN WALL 
IVING HEDGE, OR A WOVEN LATTICE, BAMBOO SERVES EQUALL'‘ 


YARD GARDEN OF THIS KWANGTUNG FARM 


AN INEXPENSIVE LANDING STAGE OF BAMBOO 
HICH FLOATS, SOLVES ADMIRABLY THE WHARF PROBLEM PRESENTED BY A RIV 
EXTREMELY VARIABLE LEVEL DURING THE RAINY MONTHS WeEs Rivi 
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FOOTPATHS WIND THROUGH 


FLECKS OF SUNLIGHT, AND DELICATE 


INVITING GROVE ON THE LEFT. THERE ARE 


CITY OF NANKING, WHERE THIS PICTURE WAS 


PATHWAY WINDS ITS VARIED WAY 


this country and their possible cultural 
range, must be corrected by continued 
A cheaper supply of 
must made 
of hand labor 
and preparing 


experimentation. 
plants for propagation be 


Fs 
The 


required for harvesting 


available. amount 


the stems may be overcome in part by 


the development of new _ techniques. 
The competition of a cheap supply of 
stems from the Orient will be operative 
for an indefinite period, but there are 
certain advantages in having a conve- 
nient local supply of fresh stems. 

There are also a number of obstacles 
which will hinder the spread of the use 
of bamboo in the United States. 
for structural and other purposes would 


with 


Its use 
involve disharmonies estab- 
lished habits. The 
easily standardized or modified as sawn 


take 


our 


units are not as 


lumber may be. Bamboo doesn’t 


SHADOWS 


MANY 


[FIC MONTHLY 


GROVES OF 


UPON 


BAMBOO 


PLAY THE LEAF-STREWN FLOOR OF 


SUCH GARDENS 


ON 


WITHIN THE WA OF 


TAKEN. THE RIGHT, AN ANCIENT 


THROUGH RUGGED BAMBOO COUNTRY 


nails. The wood tends to split too easii\ 
especially under conditions of extre1 
atmospheric dryness. Most articles n 

from it will 
that we are accustomed to giving thi 


Isat 


not stand the rough 


Greater labor and ingenuity are 
quired to use bamboo than to use sawn 
lumber other familiar 
materials, since unfamiliar kinds of f 

The durability of bamb 
out of doors, and particularly in cont 


with the soil, is not high. 


or Structura 


are required. 


It is also vet 
susceptible to the attacks of wood-b 
beetles, and is ruined thereby 
However, in spite of these obsta 
and almost without benefit of orga: 
propaganda, bamboo has already m 
considerable place for itself here 
West. 


ornamental plant in gardens, 


It is now being widely used 


- Hic 


yr 


rods, as handles for collecting net 
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and flower stakes, for vaulting vated. In the making of 

es parts of airplane wings, and ornamental lattices 
mograph needles. And very proba- furniture, temporary 
hamboo will soon be reeognized here _ ing poles, sticks for ¢ 

; a soil-binding plant to prevent ero- depressors, home-macd 

n, as a forage plant on eroding areas ete., its  possibiliti 
nd more widely as a food plant. There unlimited 

remains a Wide variety of incidental uses These simple u 

+ will find when more extensively culti more general 


- 


‘he . 


a 


? ; 
‘ 
’ 


if 
| : 1 


ager 
Ji 
/ 
! 





THE GRAY BLOOM ON GREEN BAMBOO CULMS 


ADDS AN INDESCRIBABLE BEAUTY TO THIS FOREST CATHEDRAI 





ry , ws “x~ rT ’ ‘ 
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ie Ts 
A CORNER OF THE LINGNAN 
AT CANTON, IN 


worth while. But there is another point 
at which I believe bamboo is going to 
make a really dramatie entry into our 
economic life, and this is as a paper 
pulp material. The process of pulping 
bamboo has already been patented in all 
the leading countries of the world, and 
a large paper mill has been established 
at Foochow, China, which is said to be 
“apable of pulping even the mature 
stems. We are now importing consider- 
able quantities of wood pulp from 
Canada and Europe. And it remains to 
be seen whether we shall import bamboo 


pulp from the Orient, as soon as their 


supply exceeds their demand, or 
whether we shall make an attempt to 
produce bamboo on a scale sufficiently 
large to support a pulp industry here. 
Perhaps we may witness both of these 
developments within the next few dec- 
ades. 

In conclusion, I wish to make a brief 


UNIVERSITY 


SOUTHERN CHINA. 


MONTHLY 


BAMBOO GARDEN 


reference to the esthetic appeal a 


cination of the bamboo. The bi 
the stately culms, their gracefu 


ing at the touch 
soft-textured verdure of the foliag 


of vent le bres 


? 


a never-failing source of inspirat 
delight to the 
Not only has the bamboo mot 


enriched 


the 
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istic heritage 
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peoples, but the plant itself hi: 
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bamboo.* 


' Grateful 


acknowledgment 


would do we 


the economic. appea 


her 


my obligation to the Division of Plant 
tion and Introduction, Bureau of PI: 
Department of Agriculture 


try, U. S. 
mission to 
me while 
China. 


make 


acting 


ust 


a8 


of photograp! S 


agricultural 


i 


} 


nit 


ex] 


cw 





isse> 


ast-] 


te ndu 


Barba 


1 ed 
santa 
passa; 
trom 


f thi 


EXILED ELEPHANTS OF THE CHANNEL 
ISLANDS, CALIFORNIA 


By Dr. CHESTER STOCK 


0o OF 


PROFESSOR OF PALEONTOLOGY, 


IFORNIA INSTITI 


INTRODUCTION 

LOOKING seaward from the strand at 
Santa Barbara, there may be discerned 
na clear day one or more of the insular 
that skirt this portion of the 
wast-line of California. Ex 
tending from the Santa 
Barbara or Channel Islands, as they are 


masses 
southern 

west to east 
ealled, include San Miguel, Santa Rosa, 
Santa Cruz and Anacapa. The marine 
passages Or which 
from each other the individual members 


channels separate 
of this group range in width from three 
to five miles and in depth from 17 to 110 
fathoms. the the 
mainland is the Santa Barbara channel 
which, opposite Santa Rosa, has a width 


Between islands and 


f 29 miles and a maximum depth of 356 


fathoms. In a southeasterly direction 
this channel becomes narrower and shal 


wer 


Opposite Anacapa its width is 


reduced to 12 miles, 
while the depth here is for the most part 
less than 100 fathoms 

These islands rise from the submarine 


shelf and are now being gradually de 


approximately 


molished by the ceaseless pounding of 
the Pacific, but agencies responsible for 
subaerial erosion are likewise assisting in 
of 
able relief of the land surface is to be 


degradation. Consider- 


the process 
seen, particularly on Santa Cruz, the 
largest of the group, where elevations of 
2,000 feet or more above sea-level are 
reached. The height of the land de- 
creases on the islands lying westward of 
Santa Cruz and on Anacapa to the east. 
Through the years much interest has 
been manifested in this insular group. 
In passing, mention may be made of 
Contribution No. 162. 


pa | WD 


BALCH GRADUATE S¢ 


it 


OF 


only a 
served 

and scientific 
eal materials whicel 
there furnish an import 


ves of Indians o 


coast tri 
fornia. It is said tl 
intrepid conquistador wil 


these aboriginals, is buries 
Miguel 
and animals and of 
the 


fauna of 


To students of modern pla 


their distributi 
Californian region, the flora and 
the (¢ 
to engross attention 


dearth of 
features, the 


‘hannel er up offer 


While there 


references to the 


mucl 
.“ 7 
PeOLOUICa 
more general accounts 
of 


recent ly riven Way 


stray notes earlier years 
» more d 
logical studies 

That the 


peninsula, 


islands were once part 


extending westward 


° 


mainland east 


what is now the 


capa, was advocated many years ago by 
Yates and more recently by Chaney and 


Mason An 


logical history 


understanding of 


which this insular are 
has undergone is basic to a fuller appre 
of the biol 
characterize the W itl 
notable changes in environmental condi 
to the 


wieal features that 


ciation 
region to-day 


tions at least in part consequent 
partial subsidence of this ancient land 
mass, not only was the character 
of the life the 


affected, but the present peculiarities are 


and 
distribution area 
likewise dependent upon the time when 
this occurred. Thus the islands present 
study, in 

that e1 


a fascinating biogeological 

many respects comparable to 
Chaney and H. L. 
Publ. 415, Art. I, 


Mason, Cart 


1930 


2R. W. 
Inst. Wash 
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S¢ 


Fig. 1. 


LOCATION 


MAP OF COASTAL PROVINCI 


OF SOME OCCURRENCES OF FOSSII 


DOTTED LINE INDICATES HYPOTHETICAI 


CHANEY 
countered on other continental islands 
of much larger size. 

No more pertinent information indi- 
eating the of the of 


island formation can be furnished than 


lateness period 
that presented by a record of the former 
of this 
Aside from the importance of the oeceur- 
of the 


elephants in area. 


presence 


rence fossil mammals, however. 


types themselves are of special interest 


because of their unique characteristics. 


GEOLOGIC OCCURRENCE 

Remains of extinet elephants are now 
known to occur on three of the Channel! 
Islands, namely, on San Miguel, Santa 
The 
Rosa 
ago, this 
far the largest 


Rosa and Santa Cruz (see Fig. 1] 

first material was found on Santa 
than 
island has furnished by 


more sixty years and 
eollection of fossil specimens represent- 
Similar material has 


light San Miguel. 


ing these 


been 


types. 


brought to on 


J\UTHERN 
ELEPHANTS 
BORDER 


AND 


CALIFORNIA IN 
ON CHANNE! 


OF LAND DURING PI 


MASON 


In contrast to the rather nume) 
of elephant remains in Quater 
the 


posits of Santa Rosa, 


elephants on Santa Cruz is 


far by only two fragmentary 
plates of a cheek-tooth 

San Miguel: Although this 
and shifting 
of the 


sediments of Tertiary 


Sal 


wind-swept 


mantle much area 


age, the incision of the present 
face by ravines and gullies and 


though 


stant vradual recession 


pres 


undel 


s 


and Quat 


sea-cliffs develop exposures on 


occasionally the weathered-out n 


of fossil mammals have been dise 


Several tusks and cheek-teet] 


phants were found in a thin ser 


Quaternary alluvial deposits 


neath a table-like surface and expos 


the sides of gullies near the 1 
end of San Micuel 
cidean teeth have been found 


Seattere | 


to 
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time elsewhere on this island. Among 
fossil materials are specimens which 
early point to the fact that the San 
elephants are among the largest 

to be obtained in the insular 


Santa Rosa: Deposits containing re 
ns of elephants occur at several 
walities, but the more significant dis 
ries of such materials have been 
made in Quaternary sediments forming 
mantle over Tertiary rocks near the 
rthwest end of this island (see Fig 
2). Excellent exposures of the fossil- 
bearing strata are extensively developed 
n the sea-cliffs and along the ravines or 
‘ahadas. Moreover. opportunity is at 
forded in this region to determine the 
relationship of these Quaternary depos 
its to the geologic events that transpired 
to and following their accumula 


we turn for a moment to 
events subsequent to the tilting 
Miocene marine sandstones and 


SHaLCS aisv) eXPD 
clear evidence 
transgressions acro 
as well as severa 
highest of tl 
terraces observed 
elevation of 

The lowest cut 

ent strand, tr 
cene rocks, has 
mately 10 feet 
another bench. bord 
cliff which descend 
lowest terrace. ° 


+ 


intermediate bene] 
a cliff, whose 

of the fron 
The recorded 
successive incurs 


unlike those wl 


on the mainland 


coast and elsewhers 
lowest and intermed 


Quaternary sedime 


gravels, sands or san 
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Fic. 3. GENERALIZED GEOLOGIC SECTION SHOWING RELATIONSHIPS OF 
PHANT-BEARING BEDS TO THE UNDERLYING TERTIARY MARINE SEDIMENTS. NOT! 
INTERMEDIATE BENCHES MARINE-CUT TERRACES TRUNCATING frHE TILTED MI0c! 
AND DIAGRAM FURNISHED BY F. D. Bop 

like deposits, and alluvial detritus. A level. This surface is we 
generalized geologic section showing the — parallels the coast for a c 
relationships on the west fork of the tance (Fig. 4). Unlike 
Canada Teeolote is given in Figure 3. race, the lower surface is not 
Elephant remains are found in these’ but appears to have been forn 


deposits from near the base to within a aggraded surface by depositi 


short distance of the surface. ments in stream courses and 
The Quaternary strata have a thick- adjacent to the ocean strand 
ness of 40 feet or more and are capped streams, flowing from the m 
by a remarkably even surface having an portions of the land-mass to 1 
elevation of 75 feet or less above sea- become graded with respect 














FIG. 4. VIEW LOOKING WEST ALONG NORTH FRONT OF SANTA 
ISLAND FROM ENTRANCE TO CANADA CORRAL 


THE UPPER MARINE TERRACE AND THE LOWER SURFACE ARE CLEARLY SHOWN. EXTENS 
IN THE SEA-CLIFFS BELOW 


re 


SURES OF THE ELEPHANT-BEARING DEPOSITS MAY BE SEEN 
San Micuet ISLAND SHOWN ON RIGHT HORIZON. 
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is important to recognize, however, 
at since this has occurred, uplift of the 
d-mass has brought this surface to its 
it position and a new eycle of 
jegradation 
tiated. 
In the light of 
oneerning the diastrophie 


and deposition has been 


information 
history of 


known 


e coastal province of southern Califor 
nia. it is reasonable to assume that the 
marine ineursions and changes in eleva 


n on Santa Rosa Island form part of 


49 
isolation 
the 


whieh nas 


the period of their 
at that On 


length 


present 


occurred time other 
the 


elapsed since mammoths were present in 


hand, Tt time 
the region may be measured principally 
in terms of earth movements which have 


; + 


brought the elephant-bearing strata to 
their 
erosion. 
At one 
(Juaternary strata 
] 


present position and in terms 


locality at the base of 


oceeurred a whaie 


+ 
i¢ 


ra and it may be presumed from this 

















FIG. 5. 


a long and important series of geologic 
events featuring this province during 
glacial and postglacial time. Whether 
or not Pleistocene or Ice Age elephants 
had gained access to this portion of the 
ancient peninsula prior to the transgres 
the responsible for the 
eutting of the upper (400 foot) terrace, 
remains to be determined, but the advent 
of these creatures prior to that time may 
well have been the case. It 
probable that if the elephants had been 


sion of S@a, 


appears 


EXCAVATING 
IN QUATERNARY DEPOSITS EXPOSED IN THE CANADA GALLION. 


ELEPHANT TUSK 
SANTA 


AN 


Rosa ISLAND, CALIFORNIA 


and from similar material found else 


where that the cycle of deposition which 


brought about the accumulation of these 


sediments was initiated at least in some 
places under marine or estuarine condi 
tions. The 
(Juaternary 

termination along the present shore-line 


areal distribution of the 


deposits and their abrupt 


make it appear quite probable that the 
extended origi 
that 


is to say into the region now occupied 


elephant-bearing beds 


nally for some distance northward, 
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the 
sequence of events that transpired dur- 


by the Santa Barbara channel. In 
ing the period when elephants were liv- 
ing at this locality one may envisage a 
stage when shallow bays or arms of a 
large embayment fringed this section of 
the 
streams 


Under 


insular 
that 


these 


area, into which emptied 
the hinterland. 


conditions opportunities 


drained 


























ARCHIDISKODON EXILIS 
AND FURLONG) 
FROM 


FIG. 6. 
(STOCK 

LOWER JAWS, VIEWED FOETAL 
172; b, 


Cauir. Inst. TeEcH. COLL. 


ABOVE; 4d, 


SPECIMEN, NO. PART OF TYPE SPECIMEN, 


No. 14, APPROX. 
SanTA Rosa ISLAND, 


QUATERNARY DEPOSITS, 


CALIFORNIA. 
accumulation of sedi- 


entombment of 


permitted an 
mentary 
organic remains, similar to those which 


beds and an 


prevail to-day on a minor scale along 


this portion of the island coast. 

Santa Cruz: Quaternary deposits oc- 
curring at the southwestern end of this 
island have been described recently by 
are 
noteworthy because of a 


Chaney and Mason. These beds 


particularly 
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fossil plant record which they 
the 
logs of Douglas fir, 


Among materials now ki 
representing 
which in its native state is not 
range at the present time sout 
coastal belt of 
In the 
investigations 
the 


fragmentary 


northwestern ( 
course of archeolog 
eondueted sevVvel 
western end of Sant 


ago at 


two ename! plates 


elephant tooth were found lyi 


eroded surface of Quaternary 

exposed along the ocean front, a 
more away from the locality w 
oceurred. A 


for additiona 


plant specimens 


conducted later 
proved unsuccessful. In this area 


number of kitchen midden ace 


tions lying on beds 


(Juaternary 
present erosion has washed and seat! 
some of the detritus from the n 

the older Wh 

presence of may 
the 
phants on Santa Cruz, particular 


over sediments 
tooth-fragments 
indicate former existence 
view of the occurrence of these ai 
on the more westerly situated is 
the possibility that the fragments 
brought by the aboriginals to this is 
from Santa Rosa or San Migue 

be wholly ignored. It 
that 


occasion were picked up by the } 


is quite poss 


such materials were 


seen al 


inhabitants and may have been 
ported from one island to another 


other articles of barter. 


Foss. ELEPHANTS 


It is clear from the oecurre! 
proboscidean remains on islands 
Channel Island that elep! 


must have gained aceess to this reg 


group 


prior to its present insular state, b) 
of some land-bridge or connectior 
the mainland. The alternate hypot 
that mammoths the 
crossing marine more 01 
comparable to those that exist i 


° 9 
isianus 


reached 
barriers 


region to-day, can not be countena 
seriously in view of the formidable « 
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these barriers and in view also of — time, their entrance into tl 
esumed habits of the extinct ele must have oceurred during 
ants as inferred from those of their liv epoch immediately preceding the Recent 
ng relatives. Frequent finds of fossil ele The length of time which elapsed during 
ants made in Quaternary deposits of the Pleistocene or lee Age is 
Californian area clearly demonstrate to be measured in terms of | 
t these mammals were well repre- thousands of years, but 
“1 on the mainland and that they appearance of elephants o 


enjoyed a wide distribution over this  land-mass can not be ¢ 


1 
‘ 


western territory. Indeed, this may be Pleistocene chronology As suyvest e¢ 
much of the North American under the discussion of occurrence, 
ntinental area during certain stages of event may have taken place prior 
the Iee Age. It is therefore quite per- time of considerable inundation 
missible to assume that when the land in land as represented perhaps by the 
what is now the western end of the of euttine of the terrace whiel 
100 feet o7 


Santa Monica Mountains and contiguous’ stands at an elevation of 
area continued farther out to sea, ele- more above sea-level alone the northern 


phants found no hindrance to an exten- border of Santa Rosa Island 


sion of range into this region. At least two species of elephants, 

It is important also to recognize that namely, the imperial and columbian 
since the proboscideans, whose remains mammoths, have been recognized in thi 
are found on the islands, had reached a _ fossil record of the mainland of Califor 
stage of development in their evolution- nia. As a matter of fact, these species 
ary history characteristic of Quaternary are now included under separate genera 











FIG. 7. SEA-CLIFF SECTION OF ELEPHANT-BEARING BEDS 
NEAR MOUTH OF CaNADA CORRAL SHOWING POSITION OF ELEPHANT SKULL BEFORI 


SANTA Rosa ISLAND, CALIFORNIA, 
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Archidiskodon and Parele- 
phas columbi. When complete skulls 
and skeletons are lacking, specific identi- 


imperator 


fication of remains has been based upon 
recognition of structural 
individual cheek-teeth. 

factory or unsatisfactory this may be, 


eharacters in 
However satis- 


the island elephants show some resem- 
blanee in the the 
teeth to the mainland types. In at least 
one particular, aside from the dental 
differ the latter 
and in consequence were recognized by 
Stock and 
distinet 


don ) € rilis. 


characters of cheek- 


characters, they from 
Furlong® as belonging to a 
Elephas (Archidisko- 
Whether or not more than 


species, 


one species of elephant is present among 
the island forms remains to be definitely 
In this connection, it should 

that an and 
perhaps significant difference may exist 


determined 
be recognized interesting 


-C, Stock and E. L. 
68: 140-141, 1928. 


Furlong, Science, n.s., 








FIG. 8. SAME LOCALITY 


AND FURLONG). 





AS THAT 
EXCAVATION HAS EXPOSED SKULL AND TUSKS OF TYPE SPECIMEN OF Archidiskodon exilis 
Santa Rosa ISLAND, CALIFORNIA. 
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between those forms on Santa R 

the types on San Miguel. 
Numerous cheek-teeth and tusks 

mentary jaws and 

comprise the bulk of the collect 

tained on Santa Individ 

all ages are preserved, from an 


skeletal el; 
Rosa. 


type to fully grown adults. Th 
est specimen, evidently belongi: vO 

foetus, is represented by a low ( 
(Fig. 6) in which the enamel plat 
not firmly consolidated to form t] 
cheek-teeth and had not erupted t! 
the 
represents an adult individual ar 


gums. One fairly complet: 


nishes valuable information as 


characters of the island 
phants. When found in 
strata, exposed in the sea-cliff nea) 
of the Canada 
cranial 
Exeavation revealed the rest 


specific 
QJuate 
mouth Corral, onl) 
weathered 
(Fig. 7) 


of the skull and upper tusks (Fig. » 


portion Was VIS 


SHOWN IN FIG. 7 
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Fic. 9. COMPARATIVE VIEWS (TO SAME SCALI 


STOCK AND FURLONG) FROM 


YOUNG ADULT OF Archidiskodon imperator 


9B REVERSED, 


with the lower jaw in position below the 
palate. Illustrations of 
and of a young adult skull of the im- 
perial mammoth ( Archidiskodon impera- 
tor 
in Figure 9. 

Comparison of fossil remains of ele- 


this specimen 


. drawn to the same seale, are shown 


phants found on Santa Rosa with com- 
parable materials occurring on the main- 
land establishes clearly the fact that the 
island forms stature 
than their relatives of the 
Considerable variation in 

among the island types, but the differ- 
ence in stature between island and main- 
land forms remains a feature. 
This difference is apparent in Figure 9 
and is strikingly demonstrated likewise 
in a comparison of limb elements (see 
Fig. 10). While the elephants of the 
mainland ranged in height from 
proximately 10} feet tc 134 feet 
measured at the shoulders, those of the 


in 
mainland. 
exists 


were smaller 


size 


notable 


ap- 


as 


slands presumably never exceeded 8 or 
¥ feet in height and the smaller individ- 
S were probably no taller than 6 feet 


OF \ 
THE QUATERNARY OF 
LEIDY 
AF 


ryYPE SPE 


ROSA 


SANTA 
FROM THEI 
TER OSBORN 


Thus, the smaller size of these elephants 
presents a character wherein they resem 
ble the dwarfed els 
described Maltess 
of The 


diminution in size, however, has not been 


foss1| subfossil 


or 
phants from the 


the Mediterranean 


Islands 
carried so far in the Channel Island ele 
phants as in the Maltese species 

When an attempt is made to account 
for 
the 
sent 


this distinguishing feature among 
alternatives 
Either the 


penetrated this ancient 


island types, two pre 


themselves elephants 
that originally 
land-area were a race of small individ 
found f 


smaller size, in 


uals, or the mammoths now OSS] 


on the islands exhibit a 
direct 


to mainland forms, 


of their 


contrast 


asa 


or indirect result ola 
tion. 
To 


with 


INnSUii 


t hand 


As yet, no information is a 
indicate that a lephant 


species oT e 


the characters of the island forms 


was in existence during Quaternary tim: 


along the littoral of 1 
fornia mainland 
On the 


between 


| and 


ot her 


ence the island and 
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2 
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Eleph 
ONCE 


Fig. 10. 
LENGTHS OF 


DIAGRAM SHOWING COMPARATIVE 


HUMERUS IN PLEISTOCENE AND 
THE 
HUMERUS IN MILLIMETERS. 


THE 


RECENT ELEPHANTS. NUMBERS REFER TO 


THE LENGTHS OF THE 
SHORTNESS OF THE BONE IN 


Archidiskodon evilis (STOCK 


NOTE THE 
ISLAND SPECIES, 


AND FURLONG). 


forms is coupled with the faet that oscil- 
lations of the land occurred in late geo- 
logic time in the region now oceupied by 
the Channel Islands, one may be led to 
that terrain, limited 
environmental and food- 
supply and inbreeding have been influ- 


restricted 
conditions 


assume 


ential in establishing the specific charac- 


ters possessed by the island elephants. 
is that these conditions, and 
perhaps others, would arise, were island 
isolation the final stage in the history of 
former 


Certain it 


a group of mammals whose 
range extended over a much larger and 
continuous land-area. 

As mentioned before, the elephants of 
San Miguel are among the largest types 
to be recorded from the island region. 
Tusks of these forms have been found 


which measure 5 feet in leneth and 6 


MONTHLY 

in diameter at the base 
the 
Rosa likewise indicate the form: 


inches 
some of fossil materials 
ence of relatively large individua 
possible that the average size of 
Miguel elephants was larger thar 
the Santa Were 
mately established to be the case 


Rosa types. 
basis of a comparison with mor 


sive collections than are now ay 
from San Miguel, it is 
speculate whether the difference 1 
have the result of an 


tinction of elephants on the sma 


interest 


ear 


been 


the two islands. 


CONCLUSIONS 


The occurrence of extinct ele) 
remains in deposits of Quaterna 
on islands of the Channel Island 
points to the former presence of a 
connection between the insular area 
the mainland. The fact that these 
boscideans were in a Quaternary s! 
of evolution when they lived o1 
ancient land-mass emphasizes the 1 
tive recency of the geologic events 
brought about the insular conditions 
No small elephants with the characters 
of those found on the islands have b 
recognized thus far in Quaternary 
posits of the mainland of California 
is fair to suppose, especially in the 
of the later history of 
island area, that the characteristic s 
of the island elephants results fron 
sular isolation. Further, the differe 
in stature between island and mainla: 


veologic 


forms may be an index of the lengt! 
time which elapsed during the period 
exile. 





MARRIAGE AND SEX CUSTOMS OF THE 
WESTERN ESKIMOS 


RLY PROFESSOR OF BIOLOGICAL SCIENCES 


ESKIMO AND INDIAN SCHOOLS IN ALAS 


Aw intelligent discussion of the mar- 
age and sex customs and practises of a 
primitive people presupposes the author 

have lived with them for a compara- 
tively long period and to have made a 
systematic and organized study of their 
ilture. One is not given the opportun- 
ty to study the intimate life habits and 
“ustoms of a people by brief contacts 
with them. A perspicuous knowledge of 
the Eskimos’ private life can be acquired 
mly by living intimately with them, and 
particularly through the enjoyment of 
The scientist or 
the 
lives of the 


their utmost confidence. 


student who would learn things 


whieh lie within the secret 
Eskimos 
himself from the civilized world, and for 


must be prepared to isolate 
a period of time virtually become an 
Eskimo in his life habits. <A 
Nelson, Petrof, Rass- 


have 


few scien- 
tists and students 
mussen, Jenness, Stefansson, ete. 
been willing to suffer such isolation and 
hardships in order that they might con- 
the 
culture, 


information to 
of Eskimo 


tribute accurate 
knowledge 


others 


world’s 


while have been content with 


cursory investigations. The cursory in- 


vestigation can lead only to distorted 
ideas, exaggerations and false informa- 
tion. Unfortunately, much of this mis- 
information finds its way into print for 
the reading public to consume, and 
thereby false conceptions coneerning the 
Eskimo people are broadcast. 

The short-time investigator is unknow- 
ingly apt to find the Eskimos prepared 
to give him just the 
wants. They readily sense what is desired 
and often purposely deceive those who 


would learn their secrets. 


information he 


Furthermore, 
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4 FOR 


By CLARK M. GARBER 


APITA NIVERSI 


Ss 


the Eskimo is prone to put only his good 


side forward. In his legends of conflict 
the 


superior in 


with white man his side is 


aiwavyvs 


arms, skill, strategy and 


Ilis answers to interroga 


shrewdness 


tors are made to fit as near as 


possible 


to his Interpretation of the white man’s 


ethics. But there can be no doubt that 


a conscientious and intensive study of 


the Eskimo in his living state will yield 


a more lucid conception of his culture 


than will be gained by a lifetime study 


of museum specimens, especially when 


such study is the result of a compara 


tively long and intimate life 
the 


may be drawn from archeological speci 


with them 


A picture of Eskimos’ past culture 


mens taken from reputed ancient village 


sites, and may also from their 


| anded 


be drawn 
folk-tales 


} 


ble generat! 


present culture and 


down through innumera 


ons 


But if our store of knowledge of Eskimo 
life, past and present, is to approach a 
must be 


hoth 


reasonable degree of accuracy it 
built upon an exhaustive study of 
these sources of information 

The customs and traditions of a primi 


tive people vary according to locality, 


clan, tribe, village or dialect, and thus 


we find it among the western Eskimos 


This variation is not as distinet to-day 


as it was prior to their contact with the 
Demarecation lines bet 


white man. ween 


tribes or clans have melted 
of the 
Americanize the 
difficult to 


Innuits, 


away, be 
efforts to 
It is 


determine 


cause white man’s 


Eskimos there 
fore 
the 
vagamutes, 


very where 


Nuni 


begin 


Kuskokwagamutes, 
Malmutes or 
the 
familiar with Eskimo philology he 


Unalits 


or end, and unless investigator is 


may 
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find himself at a loss to differentiate 
them. 


THE INCEPTION OF SEX KNOWLEDGE 

To the reader it may be an astounding 
fact that the Eskimo children learn of 
sex matters as soon as they are able to 
form ideas. To them it is not a matter 
of parental teaching in any form. It is 
a matter of observation, because they 
witness family funetions being con- 
ducted right before their eyes. There is 
no effort on the part of the parents to 
conceal such matters from the children. 
The Eskimos’ permanent home is an 
underground structure called an Innie.’ 
The floor area of the actual living quar- 
ters does not average more than two hun- 
dred square feet. In this small room 
may often be found living a father and 
mother, three to six children, possibly 
an older son or daughter who is married, 
and likely the grandparents. Under 
such crowded conditions in such a small 
place the children, from the youngest 
up, witness the performance of all fam- 
ily functions. By their nature Eskimo 
children are great imitators. They at- 
tempt to mimic everything they see done. 
Hence their early and natural attempt 
at participation in sex relations, particu- 
larly during their play at housekeeping. 
I have witnessed Eskimo children at 
play during which the mimicry of the 
sex act of their parents was just as im- 
portant a part as the sewing, tanning, 
earing for the imaginary children, ete. 
The dolls of the Eskimo children are in 
most cases fashioned in the form of the 
complete nude of either sex, t.e., they are 
not asexual. At the age of ten to twelve 
years the Eskimo boys and girls arrive 
at puberty. No sooner is this in evi- 
dence than the parents are anxious to 
marry them off so that they may enjoy 
further means of support during their 
declining years. This is particularly 

1 Innie: The permanent home of the western 
Eskimos built under ground. 


true of the girls, since they do 
tribute to the support of the 
Among the Innuits it was not un 
to mark a girl by tattoo lines as a 
cation that she had attained t! 
riageable age. In the region 
Yukon and Kuskokwim Rivers D, 
girl’s father would pass the news 
the young hunters that his daught. 
arrived at her first catamenia and 
therefore be married any time. |) 
same section I found several inst 
in which the girl’s mother, by p 
manipulation, prepared her smal! 
ter for the process of copulation in 
that complete satisfaction might 
sured the prospective husband, w! 
a skilled young hunter having the 1 
of an excellent provider. However 
ing does not always take place im: 
ately after puberty. It is often 
poned until much later, and | 
known both girls and boys to be bet 
twenty-five and thirty years old b 
they were permanently married 

In the translation and compiling 
volume of folk-tales of the west 
Eskimos? I have found a large per 
of their stories and legends based w 
sex, mating, propagation and _ birt 
These stories are often told to childr 
as bedtime stories; hence they earl 
life become sex-minded. For insta 
in their stories, ‘‘The Daughter 
Witch Doctor’’ and ‘‘How the Y 
first came to Nuviakamute,’’ direct 
literal reference is made to cohabitat 
childbirth and sexual indulgences 
their folk-tales they talk about sex 
ploits as familiarly as we tell our 
dren about Red Riding Hood. 

Child betrothals among the west: 
Eskimos are not uncommon, althoug 
has never developed into a general p! 
tise or custom. Usually such betrot 
take place between parents who are | 
ticularly affluent, and wish their g 

2‘*Folk Tales of the Western Eskimos 
Clark M. Garber. Not yet published. 
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PLAN AND SECTION OF 


INNIE FREQUENTLY 


FLOOR 


IN ANOTHER TYPE OF 


THE INNER CHAMBER CONSISTED IN AN OPENING 


WAS CONNECTED BY A DEEPER TUNNEL RUNNING 
fortune to continue with their children. 
Or the parents of the betrothed children 
may be especially good friends and de- 
to honor other through the 
betrothal and subsequent marriage of 
their children. In the case of a child 
betrothal the actual marriage does not 
take place until the girl and boy have 
reached the age of puberty or later. In 
the meantime they are not permitted 
any sexual freedom between them, but 
have indulgences with 
others. Nelson says,* ‘‘From the lower 
Yukon to the Kuskokwim child betroth- 


each 


sire 


each may such 


als are common and may occur in two 


In such the girl is fre- 


quently not over four or five years old. 


ways. cases 
Sometimes such arrangements are made 
by a couple to take effect when the first 
girl is born. In these child marriages 
when the girl reaches puberty both she 
and her husband are considered unclean, 


Sureau 


Nelson, Eighteenth Annual Report, 
\merican Ethnology, pp. 291, 292. 


A BERING 


CONSTRUCTED BY 


DIRECTLY 


rYPE INNIE 
ESKIMOS THI 


TH! 


STRAIT 
THE WESTERN 
IN OF THE FLOOR. 


THE CENTER 


UNDER THE INNII 
and neither of them is permitted to take 


part in work for a month, at the 
end of which period the young husband 
to the 
After this he enjoys the 


rights of other heads of 


any 


takes presents kashim and dis 
tributes them 


families.’’ 


PROMISCUITY 
of 


Eskimos 


The 
the 
among their unmarried youth can not, 


freedom sex relations among 


western and particularly 
by any reason or theory, be laid at the 
Such freedom of 


sex can be interpreted only as a biologi 


door of licent iousness 


eal development which has for its pur 
pose the propagation and perpetuation 
of the to that the 
lewd side of Eskimo life developed as a 
of their 
Murdock says of the Point Bar 


‘promiscuous sexual in 


race. I regret say 


contacts with the white 


result 
man. 
row Eskimos,‘ 


tereourse between married and unmar 


4 Murdock, Annual Re port, Bureau of 
419 


Amer 
ean Ethnology, No. 9, p 
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ried people, or even among children, 


appears to be looked upon simply as a 
With due 


investiga- 


amusement.’’ 

deference to Mr. Murdock’s 
fear that he was somewhat de- 
ceived by appearances. 
side of sexual freedom among the west- 
ern Eskimos did not develop until they 
learned from unscrupulous whites about 


matter for 


tions, | 
The amusement 


the sensuous pleasures they might derive 


from the abuse of a natural 


which, up to that time, functioned in a 


process 


Of course we can not be- 


natural way. 
lieve that the Eskimo, even in his most 
primitive state, is ignorant of sex grati- 


fication. That would be both unreason- 


able and unnatural, but the conversion 
of their natural sex relations to a state 
was inaugurated by 
foreign influence. We learn by life in 
an Eskimo colony that the abuse of the 
frowned 


of licentiousness 


practise of sex freedom was 
upon. Farther on in his report, in his 
criticism of Mr. Simpson’s writing, Mr. 
Murdock says,° ‘‘since the immorality of 
these people among themselves, as we 
witnessed it, seems too purely animal! 
and natural to be of recent growth or 
the result of foreign The 
proper interpretation of this statement 
hinges on the word immorality in the 
sense in which Mr. Murdock applies it 
to the practise of sex freedom. After 
many years of intimate life with the 
western Eskimos it is impossible for me 
to interpret their sexual freedom in any 


influence.’ 


sense of moral turpitude, because it is 
purely biog@tical. It is fairly certain 
that they would not talk to their chil- 
dren in unrestrained terms regarding 
sex matters if they knew it to be con- 
trary to custom and tradition. It is 
around custom and tradition that their 
sense of right and wrong is built. What 
appeared to Mr. Murdock to be amuse- 
ment in with their sexual 
freedom was naught but their amuse- 
ment at the white man’s inquisitiveness. 


connection 


5 Murdock, Ninth Annual Report, Bureau of 
American Ethnology, p. 420. 
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The birth of a child out of wi 


considered very improper, and 


means a severe scolding from 


ents. But a girl who has giv: 


prenuptially is by no means dis 
candidate for marriage. 


her feeundity is thereby 


as a 
prove 
since children represent the crit 
a happy marriage she has no part 
difficulty in finding a husband 
reality a greater crime for a git 
barren than to have children out 
lock. 


no man. 


A girl who is barren is Want 
She may become the sec 
third wife of a man, but because 
inability to bear children she w 
all the menial tasks about the ho 
to perform. In a later paragrap! 
fluence of the Whites’’ 
that prenuptial childbirth is 
favored, especially when the father 


it will bi 


white man. 

Promiscuous sexual intercourse a: 
the youth of a primitive Eskimo \ 
seldom, if ever, becomes a licentious 
ter to the extent of producing p: 
tutes. Prostitution found among 
Eskimo girls is not a natural result 
sex freedom. It is the 
white perfidy. In all 
legends, and folk-tales we 


not a single reference to any condi! 


result 
man’s 


stories 


or situation which might be interpret 
as prostitution. Widows are mor 

to become prostitutes than unmarr 
women. A widow who has already b 


a family often becomes the 
property of the men of the colony 
young men prefer her services t 
This ap) 


ent prostitution does not bar the w 


services of the young girls. 


from subsequent marriage, and 

such marriage does occur she agai! 
comes Any children she 
have borne during her widowhood 
result of her prostitution are given av 
are | 


chaste. 


to childless couples, who 


pleased to get them. In my inqu 
into such eases of prostitution | 


found that the widow does not so be 





own choice. 
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tradi- voung 


the 


Custom and 


ESKEMOS 


hunter is ee 


Bering Strait 


eld a powerful influence in the In 
Lawrence 


so that she is more often forced 
prostitution against her desire than 


el desire. 


VARRIAGE CUSTOMS AND CEREMONIES 


The primitive Eskimo has never devel- 
oped a complex ceremony by which hus- 
band and wife are bound in wedlock. 
His mating is almost as simple as the 
His marriage 
eXIS 


mating of wild animals. 


« hased on the economies of his 


rence. In the first place a wife who is a 
rood housekeeper, skilled in making of 
fur garments and footwear, and efficient 
in the butchering and preparation of 
But 
the predominant factor in Eskimo mat- 
ng is the wife’s ability and willingness 
Every young hunter 


meats and skins, is most desirable. 


to bear children. 
n contemplating marriage considers this 

This is partly due to 
and 


factor first. 


nature’s scheme for propagation 


perpetuation of the race, and partly due 
The result is 

The 
hunter looks upon all the likely girls in 
the colony and observes them at their 
When he has decided upon 
the girl whom he believes will make him 


to tradition and custom. 


a probationary marriage. young 


daily tasks. 


a good wife he approaches her father or 
guardian to arrange the matter. The 
prospective father-in-law, who is usually 
glad to be rid of may 
agree to the young man’s proposal, but 


his daughters, 
exacts from him a promise to hunt and 
fish and turn the proceeds over as his 
consideration in the This, 
however, does not consummate the mar- 
riage relation. In the Yukon and Kus- 
kokwim Delta region the young hunter 
takes the girl to his camp and lives with 
her in a state of trial marriage for a 
If children are begotten, proving 
the girl’s feeundity, the marriage is 
thereby consummated. But if the girl 
fail to become pregnant with child she 
is returned to her and the 


agreement. 


year 


parents, 


tionary marriage may 


vears, 


hunter must 


To his 


ORNAMENTS 


Island the period 
endure 


during which time the 


mains with her parents and the 


turn over his entire 


prospective father-in-law 
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A TYPICAL ESKIMO WOMAN 


OF THE KUSKOKWIM RIVER DEL 


WORN ACROSS 
PARKA ARE TWO BRASS ALARM 


AND BETWEEN THEM A RUSSIAN 


MATE AGE cc YEARS 
habitation of the voung hunter and his 


trial wife is permitted during this 
period, and if the relation does not prove 
satisfactory it may, without ceremony, 
be broken by either party. In such eases 
the trial husband is the loser, because he 


will have hunted and fished for the girl’s 
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parents and receives no return for his of the probationary period is co: 
efforts. The probationary marriage and by the shortage or plentifulness 
the return of the trial bride to her par- in the colony. If a shortage of 
ents in no way affects her chances for a_ prevails a father may exact a 
successful marriage, for she may soon be price for his daughter, and if th 
chosen by another hunter, and this time plenty of females there is less ¢ 
prove her desirability by bearing chil- tion, which results in a much 
dren. trial marriage, and less service 
In the region of Bering Strait and the part of the young husband. 
Arctic Coast the girl’s consent is neces- 
sary before a trial marriage may be COURTSHIP 
arranged. The young hunter in all cases It will be seen in the foregoing 
must have merited the title of hunter by graphs that courtship and love-n 
delivering his first kill of each kind of take place during the probationa: 
animal to the oldest man or chief of the riage period. The western Es 
village, who divides it into as many parts = although capable of affection, is 
as there are innies in the village. Each monstrative. There can be no doubt ¢ 
home group receives a portion while the a suecessful marriage promulgat 
young hunter receives some undesirable’ sense of love and affection bet 
part of the animal or none at all. Once mates. but there is no marked d 
he has qualified in this manner, he is’ ment of this relation prior to mat 
accepted by the hunters of the village as Mr. Hall bears out this statement 
one of them, and is then in a position to assertion.’ ‘‘ Love—if it comes at 
marry. When arrangements for the eomes after the marriage.’’ The 
trial marriage have been concluded with fales of the western Eskimos by 
the prospective father-in-law the young _ jight very little regarding love mat 
hunter retires to the cosgy,° where he but do deal very frequently wit! 
awaits acceptance or rejection by the riage arrangements, freak marriag: 
girl he has chosen. If within due time pertinent ceremonies. In the case 
she brings into the cosgy ard sets before Eskimos of the Bering Strait regio: 
him a platter of choicest foods she apparent that a sort of courtship 
thereby indicates her acceptance. Grasp- when the chosen girl carries food t 
ing the wrist of the young man she feeds her promised husband in the 
guides his hand to and from the platter This is usually accompanied by a « 
while he eats with as much gusto as will erable demonstration on the part 
indicate the degree of his pleasure. male, just as a peacock struts befor 
Thereafter the young hunter takes his mate. Undoubtedly it is accompa 
trial wife to his isolated hunting camp by, or more likely caused by, a! 


or, as frequently happens, he goes to pelling sex impulse which might 


live with the girl in her parents’ innie. termed courtship. Throughout 
If within the period of probationary legends and stories there comes to 
marriage a child should be born to them the functioning of the instinet to s 
the marriage is thereby consummated. off before the opposite sex, and the san 
If no children are born to them the hus-_ instinct functions in their lives t 
band is free to return the girl to her This does not lead to open courts! 
parents and select another. The length love-making, but it does have a det 
6 Cosqy—tThe village meeting place built on bearing on the matter of the 
the order of a very large innie. 7 Hall, ‘‘ Arctic Researches,’’ p. 568 








wnter’s Winning the girl he wants. If 

two men should select the same girl at 

.same time there must follow a series 

tests in which the winner takes 

ar ‘he girl and the vanquished seeks an 

er. Furthermore, courtship of a girl 

most always includes the courtship of 

r parents’ favor. To accomplish this, 

young hunter endeavors to perform 

some outstanding act of valor, some sin- 

vular suecess in hunting or some difficult 

at of enduranee. In their legend* 

“How Quakseetko Won a Wife,’’ from 

Bering Strait Eskimos, we discover 

vivid portrayal of the type of court- 

ship, which was no doubt the usual pro- 

lure. Among the Eskimo girls and 

ys of lesser prominence the process 

owed the same general form, but was 

ich less romantic. 

. INFLUENCE OF THE WHITES 

In those parts of Alaska where the 

vhites have contacted the Eskimos for 

: comparatively long period the blood of 

he Eskimos has been so thoroughly 

mixed with the blood of the white race 

that one would have vreat difficulty in 

lentifying a full-blood Eskimo. By 

reason of their practise of sexual free- 

dom the Eskimo girls are exceptionally 

gullible to the advances of unscrupulous 

white men. Furthermore, they have 

quickly recognized the marked improve- 

ment in the mental and physical charac- 

teristies of their offspring when they 

eross their own blood with that of the 

white man. Except in the primitive 

Eskimo villages this mixing of bloods has 

taken place to such an extent that the 

Eskimo girls now consider it an honor 

and something very desirable to bear a 

child by a white man, and it matters 

not whether in wedlock or out. I have 

n mind three specific cases in which the 


desire to bear children by white men 


*** Folk Tales of the Western Eskimos,’’ by 
Clark M. Garber. 
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ried women, yet their chastity may, in’ reaches 75 per cent. Murdock 
many cases, be purchased for a few ‘‘As is the case with Eskimos 
trinkets. However, in my examination the men content themselves 
into the effects of deceased Eskimo wife, though a few of the wealt 
women, I have found numerous trinkets, have two each. I do not 
such as buttons from sailors’ uniforms, half a dozen men in the two 
beads, brightly colored glass trinkets, who had more than one wif 
ete., which indicate a rather frequent Throughout their legends and st 
adulterous cohabitation with white men. western Eskimos make many ret 
I have also been informed by many of to the polygamous marriage. T 
the old men that the white sailors often man who could afford two w 
took their wives from them by force and indeed a great man, and the n 
by first getting the men insensibly had three wives was looked up 
drunk. Although the crossing of bloods worshipful attitude, not becaus 
usually takes place between white men three wives, but because he must 
and Eskimo women, I know a number of acme of power and wisdom 
cases in which white women have In this connection allow me 
crossed their blood with the blood of case of a most unusual nature, on: 
Eskimo men. lies within the author’s exp 
Upon arriving at a primitive coas 
PoLYGAMY, MONOGAMY AND PoLYANDRY lage I was met by an Eskimo ma 
Polygamous marriages are by no Was apparently about fifty years 
means uncommon among the western This man seemed very anxious 
Eskimos, but as a general rule the private conversation with me, so 
Eskimo is monogamous. There are many 4S my dog team was properly cai 
eases in which a chief or medicine man he was given the opportunity 
becomes affluent to such a degree that to his wants known. Being thei: 
maintain his prestige and large house- big chief) they depended upon 1 
hold he must have a second or third advice in all matters, even 
wife. If a man’s wife should prove in- domestic affairs. This man wis! 
capable of bearing children, or if she Vice upon the following proposit 
should bear only female children, it is @appears that he had married a 
his privilege to take a second wife for Was about sixteen, whereas he 
child-bearing purposes, while the more tween forty-five and fifty. She bor 
menial tasks are relegated to the first child for him, after which he appa 
wife. The practise of infanticide, with became sterile. His inability to p1 
special reference to female children, more children weighed heavily 
regulates the number of women in the him, because to die without 
colony, and the practise of infanticide plenty of children would be a ver 
in turn is regulated by economic condi- thing. He therefore wished m, 
tions, such as famine and starvation. proval on a plan which he had ey 
During the lifetime of an Eskimo to alleviate his childless situation 
mother it is not uncommon for her to proposed to induce a healthy young 
bear as many as ten or twelve children, of the village to live for a time 
of which number a possible four or five home and to cohabit with his wif 
may reach maturity. In some of the’ she should be with child. Beea 


remote colonies where primitive life still 9 Murdock, Ninth Annual Report, B 
prevails, the infant mortality rate often American Ethnology, p. 411. 





CUSTOMS OF THE WESTERN ESKIMOS 


what such an arrangement five vears old. As 
mean in the way of domestic hap- of polyandry 
gave my approval. On two dent 
occasions did this take place, rather than cust 
¢ in the birth of two fine boys marry and _ live 
voung wife. Thereafter the cause is an econom 
man accepted his fee from the man must have a 
id husband, and before long had a ments and make | 
and family of his own. The tradi is a Shortage of women. then on 
n that a man must not die childless must serve two m« 
without a doubt, largely responsible 
the existence of the Eskimo race Divor 
day. This same sort of problem had As a rule marriage 
en solved by many others in the same summated by childbirt 
anner, so | was informed by the man _ relation Howeve! 
om I had favored. Here again we just as easily broken 
concrete support for the statement No special ceremon) 
at all the Eskimos’ traditions and cus- a divorce is necessary 
ms which have to do with sex, mar man find his wife t 
we and childbirth function toward he needs but expe 
purpose—the propagation and per- and send her back to 
etuation of the race. In this case we have observed that most ¢ 
ive seen a domestic difficulty solved in and separation occur betwee 
primitive, but most logical and eco- and women. i.¢.. widowers wh: 
mical way. ried widows A man who marri 
Polvandry is much less common woman who bears children 
unong the western Eskimos than po- endure much nagging and 
ygamy. I have known several cases of fore he wil] expel th 
polyandry, but always the people were dren from his innie 
eyvond the age of reproduction. This 4 familv will stand mucl 
accounted for by the fact that there che wil} leave her husband 
more often a shortage of females than |» their children thev have 
males. Some authors believe that jyterest. which resu ts in ere 
Eskimo women live much longer than anee and in most cases develo) 
men, basing their belief on the fact that yea] affection between man 
men are exposed to greater hardships and in both of them for tl 
and stronger devitalizing factors during Space does not perm 
eir lifetime. On the other hand, we the jnnumerable ram 
must take into account the fact that an) Bxgkjimos’ domestic 1 
equally large number of Eskimo women  gpffice to sav that 
die early in life as a result of childbirth, bovs. represent the crit 
post-partum hemorrhage and infection. jome. The absence of 
Furthermore. Eskimo women show the discontent and ultimatels 
‘symptoms of old age much earlier in the marriage of a second 


fe than the men, because they have suf- 


bearing purposes. Regar 
the ravages of many childbirths \yrdock  savs. ‘* Easy 


and the devitalizing effect of suckling 10 Murdock. Nint Annus Report 
thei children until they are four and Bureau of Ethnolog | 
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TYPE OF DWELLING OCCUPIED BY THE ESKIMOS 
OF THE YUKON AND KUSKOKWIM DELTA. A SKELETON FRAMEWORK OF DRIFTWOOD 
WITH BLOCKS OF TUNDRA SOD. THE SOD WALLS OF THE ENTRANCE WAY HAVE FALLEN 
MUST BE REBUILT WHEN THE HOME IS AGAIN PREPARED FOR WINTER. IN THIS 97 x 12’ 
LIVES A FATHER, MOTHER AND FOUR CHILDREN. WHEN THE SPRING THAWS ARRIV!I 
AND WALLS DRIP WATER INSIDE SO THAT THE HOME BECOMES A VERITABLE MUD-HO 


THIS TYPE OF INNIE IS MUCH INFERIOR TO THOSE BUILT BY THE INNUITS OF 
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YUTE MAN AND WIFE FROM THE KUSKOKWIM RIVER 
THE SPARSE BBARD AND PRONOUNCED MUSTACHE OF THE KUSKOKWIM RIVER ESKIMO 
MOST DISTINGUISHING CHARACTERISTICS. THEIR COMPLEXION IS SOMEWHAT LIGHTER TH 


AR 


AN 


OF THE ARCTIC, AND THEIR STATURE A LITTLE SHORTER. APPROXIMATE AGES 50 YEARS ! 
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nonious divorce appears to be the usual 
stom among the Eskimo generally, and 
the divorced parties are always free to 
marry again.” The folk tales of the 
western Eskimos are veritably full of 
references to divorce, separation, mar- 
riage, sex and childbirth. To them such 
things were no more improper than the 
simple process of wicking the seal-oil 
lamp. They were common, everyday 
occurrences in their lives, and they 
looked upon them in no other 
Joking and badinage about 
domestic life had no more significance 
than joking about the failure of a 
hunter. 


sense. 


sex and 


INBREEDING 

Until the ingression of the white man 
the Eskimo did not realize the benefit 
f blood-ecrossing. It was, and is to-day 
in the primitive villages, traditional that 
marriages should be confined to the im- 
mediate locality. In their folk-tales they 
frequently refer to the mating of young 
men and women with strange people in 
faraway places. The characteristic leg- 
endary outcome of such marriages is 
unhappiness and often tragedy. In view 
of the fact that their traditions and folk- 
tales go hand in hand it is not difficult 
to deduce that marriages with strangers 
from other and distant villages were 
frowned upon. In an effort to determine 
the extent of inbreeding the writer at- 
tempted to trace the genealogical connec- 
tions of a prominent Eskimo family on 
the Kuskokwim River. The _ result 
showed that every other Eskimo family 
in the colony and vicinity was closely 
related to this family. It is common for 
cousin to marry cousin. I have known 
cases where uncles married nieces, and 
aunts married nephews. And it is not 
extremely rare that brother married sis- 
ter. In four cases of which I have rec- 
ord a father married his daughter. 
Such close intermarriages are frequently 
mentioned in their legends and stories, 


ESKIMOS 


but always with a large degree of dis 


No penalty is 


taste and condemnation 
attached to the marriage of a father wit! 
his daughter, ete., but it 
approved and unfavored by the peopl 


IS Strongiy 11S 


CELIBACY 
Celibacy, as a virtue, has never been 
adopted by the 


there is a marked shortage of women in 


Eskimo people. Unless 


rest 


the Eskimo colony not even the po 


man need be without a wife. Such 


shortages of females have occurred in 


times past and once during the author’s 
life among the western Eskimos. The 


chief cause is the destruction of femal 


babies as an economic measure during 
times of famine and starvation, so that 
not enough of them reach maturity. Ti 
overcome this difficulty a polyandrous 
whiel 


arrangement was developed by 


one woman would serve two men. In 
the 120 Eskimo colonies visited by the 
author not a single instance of celibacy 
was discovered. It may therefore be 
safely concluded that 


unknown among the western Eskimos. 


celibacy was 


EXCHANGING AND LOANING WIVES 
The exchange 
wives is a custom which is practised not 


and loaning of their 
only by the western Eskimos, but it is 
found among many of the earth’s primi 
tive peoples. It may take place as an 
amusement, as a matter of deference and 
hospitality shown to distinguished visi- 
tors, or the reason 
one. Among the 
three of these factors are responsible for 
the practise. In the region of the Yukon 
and Kuskokwim Delta the fre- 
quently found himself honored by a vil- 
lage chief offering his wife as a bed- 
fellow during the duration of the visit. 
This was his customary way of showing 
his respect and hospitality to visitors 
prominent among his people. Refusal 
of this offer is a base insult, which can 


may be a practical 


western Eskimos all 


author 
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be assuaged only by presenting the host 
with a very fine gift. Murdock" speaks 
in the following manner concerning this 
practise among the Point Barrow Eski- 
mos, ‘‘A curious custom, not peculiar to 
these people, is the habit of exchanging 
wives temporarily. For instance, one 
man of our acquaintance planned to go 
to the rivers deer-hunting in the sum- 
mer of 1882, and borrowed his cousin’s 
wife for the expedition, as she was a 
good shot and a good hand at deer-hunt- 
ing, while his own wife went with his 
cousin on a trading expedition to the 
eastward. On their return the wives 
went back to their respective husbands. 
The couples sometimes find themselves 
better pleased with their new mates than 
with the former association, in which 
ease the exchange is made permanent.’’ 

Among the Eskimos of Bering Strait, 
when the chief of one village visited the 
chief of another village, his host always 
loaned him a wife for the duration of 
his visit. If more than one person came 
to visit at the same time a consort was 
provided for each of them. This custom 
is often mentioned in their folk-tales. 
For instance, in the Legend of the 
Magic Pooksak we find a direct reference 
to this custom.’? ‘‘The three wives of 
the famous chief Pumimyouk had been 
given to the visitors to be their partners 
or mistresses during their visit at En- 
gyukarik. When the feast was over the 
three women departed each taking the 
man she had fed.’’ 


JEALOUSY 


Jealousy among the western Eskimos, 
as among all people, is based upon the 
desire for exclusive possession of the 
mate. Westermarck* says, ‘‘ Among the 

11 Murdock, Ninth Annual Report, Bureau of 
American Ethnology, p. 413. 

12‘*Folk Tales of the Western Eskimos,’ 
Clark M. Garber. 

18 Westermarck, ‘‘The History of Human 
Marriage,’’ Vol. I, p. 307. 


’ 


Eskimos the jealousy of the men s 
to be feebler than among most 
natives of America; but it is 1 
sent.’’ I have found during m 
with the primitive and semi-ciy 
western Eskimos that the jealo 
the men and also the women is 
pronounced. After a wife is tak 
children are being produced, t 
band jealously guards the chastity 
mate. Jealousy in the Eskimo 
begins as soon as he has taken a 
probationary marriage, and when | 
of his wife’s fecundity has been att 
he demonstrates a deep concern 
chastity. While the young n 
women of the village exercise 
freedom prior to marriage there 
evidence of jealousy among t!] 
than that of a petty nature. In 
ber of cases which I have obs 
best girls of the village who wou 
the most likely wives were freely sat 
ing the sensuous desires of t!] 
men, yet there was no evidence 
ousy among them. But as soon 
of these girls was taken to wife | 
band constantly guarded her agai: 
approaches of any of her former 
mours. Even in polygamous mar 
the same concern is shown regardi! 
chastity of all wives. This account 
great measure for the custom 
young husband leaving his wif 
her parents or taking her with | 
an isolated camp. Eskimo wiv 
equally jealous of their husbands, 
cially if the husband is a famous hu 
and good provider. 

Let me here cite an instance 
will illustrate clearly the Eskimo 
band’s jealousy. In a village on Bb 
Strait there lived a man who was 
husband of a fine type of Eskimo w 
and the father of six equally fine 
dren. There also lived in this v 
man who, because of his previous 
tions with white people, had acquir 
considerable degree of sexual licent 
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ness. By reason of his superior intelli- acquisition of accurate ethn 
gence most of the men feared him and concerning the western Eskin 
would tolerate his tampering with their on the actual observation of 
women, regardless of their jealous hate tations of their life 
f him. One day upon returning from it is rarely possible 
his trap lines, the father of this fine people whose life is untouw 
family learned that this sexual pervert pean influences. To acquire et] 
had cohabited with his wife. The viola- information of value concernin 
tion of his wife right before his own natives the ethnologist must have 
family so stimulated and wrought upon ability to differentiate between the mat 

is animal instinct of mate protection rial resulting from Eur 
that he came to me in a great frenzy of and the purely native cult. 
jealous hate and demanded that I give be prepared to go and li 

him permission to eliminate the offender. among the natives whom 

Upon my refusal, the wronged husband He must go among th 

informed me that if this man visited his the European influence } 

wife again he would kill him, whether I or where it has been felt 

gave my consent or not. Murders have it is no less important that | 
been committed and feuds thereby clear understanding that to 
started as a result of jealous rage on the’ race difference will cause the 


part of Eskimo husbands whose wives despise him. Only by adapting hi 


have been incontinent. to the simple life of the 
In concluding this discussion the by gaining their utmost confide 
author wishes to stress the point that the he be successful. 





EVOLUTION OF THE USE OF THE MODERN 
MATHEMATICAL CONCEPT OF GROUP 


By Professor G. A. MILLER 


DEPARTMENT OF MATHEMATICS, UNIVERSITY OF ILLINOIS 


WIDELY different meanings are as- 
cribed to the mathematical concept of 
current dictionaries and 

Some of these are 


group in our 


encyclopedias.* SO 


general that a large number of appar- 
ently fruitless systems of abstract ele- 


ments come thereunder. For instance, 
the three elements represented by 1, 2, 3 
have been called a group? when their 
eombinations are determined by the fol- 
lowing elementary table: 


Hence these elements obey the commuta- 
tive but not the associative law when 
they are combined by multiplication, 
and the table may therefore be of inter- 
est even to the student of elementary 
algebra as an illustration of the nature 
of the associative law in multiplication. 
It is, however, questionable whether the 
term group should be available for specu- 
lations which are so foreign to what is 
commonly regarded as useful mathe- 
matics as contrasted with mathematical 
recreations. 

Those who are especially interested in 
group theory would naturally like to 

1In Webster’s New International Dictionary, 
including the second edition (1934), there ap- 
pears under the entry ‘‘distribution’’ the fol- 
lowing statement which is misleading from the 
standpoint of mathematics: ‘‘ Arrangement of 
objects in classes called parcels when the order 
is indifferent, and groups when it is essential.’’ 
The direct definition which appears under the 
entry of ‘‘group’’ in this dictionary is inad- 
equate as regards the theory of abstract groups 
but is useful in the study of certain sets of 
concrete elements, where it becomes a supple- 
mental definition. 

2 J. Perott, American Journal of Mathematics, 
Vol. 11 (1889), p. 101. 
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maintain the for this sub 
which it has secured by its wide 
fulness. To do this it seems desiral 
to insist on a definition which exelud 
matters of little or no importance ai 
which is also sufficiently restrictive 
give to extensive developments 
Such a definition was given more t 
forty years ago and can be expressed 
the following brief form: A given set 
distinct elements is a group if they 

the associative law when at least 

of them are combined, two at a 
and which are such that if two 
symbols in the equation xy =z 
placed either by one or by two elem: 
of this set, the resulting equation 
one and only one root in the set 
what follows we shall r 
sake of definiteness that the term ‘ 
ern mathematical concept of group”’ 
plies either this definition or one v 

is equivalent thereto, unless the 
trary is explicitly stated. 

This definition is obviously somew 
more complex than the supplemental on: 
which was at first used in 
with the theory of substitutions, viz., 
a set of distinct substitutions is a gr 
if it includes the square of every one 
them and also the product of every 
It should, however, be observed that 
three elements noted in the first para- 
graph satisfy this definition of a substi- 
tution group. What is more important 
is the fact that the definition noted at 
the close of the preceding paragraph has 
led to developments of such extensive 
usefulness with respect to abstract ele- 
ments that it seems to have justified it- 
self by experience. While the condition 
that a set of elements contains the square 
of every one and the product of every 


respect 


rise 


are 


; 


{ 
i 


assume 


er 
I 


connect! 


+} 
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two has also proved to be very fruitful 
when applied to certain concrete ele- 
ments it has little value with respect to 
an abstract theory as is illustrated by 
the cited example. 

One of the most striking facts in the 
history of group theory is that in the 
study of concrete elements some writers 
imposed certain fructifying conditions 
and spoke later of these added conditions 
as if they were the characteristic proper- 
ties of a group. This procedure was fol- 
lowed in the beginning of the subject 
as regards the theory of substitutions 
and was employed later even as regards 
less restrictive sets of elements. Since 
it has been the source of much progress 
t should not be condemned, even if it 
1as also been the source of much con- 


l 
} 
i 


fusion. It seems, however, reasonable to 
strive to secure progress without confu- 
sion in this as well as in other fields of 
scientifie endeavor, notwithstanding the 
fact that progress with confusion is 
more desirable than no 
any rate, it is of some interest to trace 


progress. At 


the early use of a concept in its re- 
stricted form even if the nature of these 
restrictions were not emphasized at the 
time and not formulated until 
thousands of years had elapsed since 
the coneept was first used. 

The use of the group concept has a 
much longer history than its definition 
and hence the present article relates to 
much earlier developments than the one 
which appeared in a previous number of 
this periodical® under the title, ‘‘ Evolu- 
tion of a Modern Definition of the 
Mathematical Term Group.’’ In an im- 
plicit form the modern concept of group 
underlies the prehistoric divisions of the 
day into equal parts, such as its division 
into 24 hours, where 24 is a kind of 
modulus in the modern the 
word and constitutes a type of zero with 
respect to addition. The of this 
type of zero is much older than the use 
of a special symbol for zero as a number 

*Scr. Mo., 39: 554-559, 1934. 
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which emerged slowly 


to an explicit conce} 


A somewhat trivial example 
prehistoric use of this ¢ 
nished by the operation 


from unity. 


It is well ki 
plementary fraction 
of the form 1/n a1 

prominent role bot! 

in calculations of 
fractions 14 
worthy along this 


and 24 


own complement. Special symbols a 


pear in the ancient Egyptian as well as 
in the ancient Babylonian literature for 
a few of these complementary fractions, 


and they seem to have been regarded 


very early as being on a par with tl 
fractions. In this con- 


system of unit 


nection it is to be emphasized that 
complementary fractions ¢ 
order 2 with 


group of respect to 


operation of subtracting from unity. 


The operation of dividing unity by a 


riven number later gave rise also to the 
) 


group of order 2 and when these opera- 
tions were combined still later they gave 
rise to the important group known as 
the anharmonic ratio group. 
The earliest examples of the concept 


of group of infinite order in the modern 
sense are also prehistoric. One of these 
is furnished by the totality of the posi 
are 
by multiplication. The de 
velopment of these 


regarded as the main 


tive rational numbers when they 
combined 
numbers has been 
mathematical ob- 
jective of the two leading pre-Grecian 
mathematical civilizations, viz., 


those of 


the ancient Babylonians and the ancient 
Egyptians, but it 
attained by them, although the 
made much more progress in this direc- 
tion than the latter as a result of their 
development of an approximately posi- 
tional having 60 


was only partially 


former 


system of arithmetic 
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for its base. One of the striking fea- 
tures of this system is that it has no 
symbol which separates the integers and 
the proper fractions when they are rep- 


resented systematically, corresponding 
to our modern decimal fractions. 

While some groups in the modern 
sense of this term were used in pre- 
historic times the claim that there ex- 
isted a prehistoric group theory, which 
is emphasized in the introduction to the 
second edition (1927) of A. Speiser’s 
widely used ‘‘Theorie der Gruppen von 
endlicher Ordnung,’’ can not be said to 
be as yet fully established even if many 
of the early ornaments seem to point to 
a domination of the group concept in 
view of their types of symmetries. 
There are many evidences pointing to 
the influence of the concept of symmetry 
on the early mathematical developments. 
In particular, several of the quadratic 
equations in one unknown considered by 
the ancient Babylonians resulted from 
the combination of two symmetric equa- 
tions in two unknowns in the forms of 
z+y=a and zy=b, respectively, and 
the first proposition of Euclid’s ‘‘ Ele- 
ments’’ relates to the symmetric equi- 
lateral triangle. There is, however, a 
long step from an emphasis on sym- 
metry to the development of a group 
theory in the modern sense of this term. 

Special subgroups of the group of 
movements of space were also employed 
implicitly in prehistoric times. For 
instance, the group of rotations around 
a fixed point was naturally suggested by 
the daily apparent movements of the sun 
and the seasonal changes of the weather. 
In a world which is so replete with 
groups as ours is the development of 
scientific thinking naturally led to a con- 
sideration of certain groups, but these 
were not known to be sufficiently abun- 
dant to merit a special theory before the 
latter part of the eighteenth century, 

40. Neugebauer, 
schichte der Antiken Mathematischen 
schaften,’’ 1: 203, 1934. 
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and then only because they furnis 
means of classifying functions whic] 
useful in the study of the alge! 
equations in one unknown. It is 
that a stone which had been previ 
overlooked by the builders of m 
matics was cornerston 
has since then been used with incr: 
appreciation. 

The main object of the present a: 
is to direct attention to the evoluti: 
the use of the modern mathematical . 
cept of group. In the ancient 
to which we have referred 
tion was usually completed in pre! 
torie times, and these groups are of 
interest in the present connection 
those whose evolution was completed 
historic times. One such group is 
modern addition group embodying 
use of both zero and negative num! 
This group was not completely dey 
oped until after the beginning of 
Christian era. In fact, it was not us 
even by the ancient Arabian mat! 
maticians although the Hindus had e 
ployed it earlier with some success. 
was naturally used with some hesitat 
before the use of the negative num! 
in multiplication was explained sa 
factorily about the beginning of 
nineteenth century even if its theory d 
not directly depend upon this expla: 
tion. 

Another group whose evolution \ 
completed in historic times is the on 
now commonly known as the group 
movements, which is intimately ¢ 
nected with the foundations of elem: 
tary geometry. As positive and negativ 
movements are considered therein it 
very closely related to the addition group 
to which we referred in the prec 
ing paragraph. This group is especia 
interesting in the history of mathemat 
because the study of all its subgr 
by C. Jordan (1838-1922) constitut 
the earliest extensive direct 
groups of infinite order (1867 


made a 


rr 


‘ 
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this ey 


use 
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the zero movement and negative move- 
ments were considered various groups 

f movements with respect to a modulus, 
and semigroups of movements corres- 

nding to semigroups of addition, en- 
saged the attention, at least implicitly, 

those who developed mathematical 
subjects. The later evolution relates 
largely to the emphasis on the identity 
zero movement) and the inverses 
negative movements) in the group of 
movements. 

An elementary group whose evolution 
belongs to a comparatively recent period 
is the group of multiplication, modulo 
m, whose elements are the natural num- 
bers which are not greater than a given 
natural number m and prime to m. This 
has been called the most important ex- 
ample of abelian groups of finite order® 
and was first employed effectively by 
L. Euler (1707-1783). It should be ob- 
served that this abelian group was em- 
ployed (1760-1) before J. L. Lagrange 
1736-1813) studied substitution groups 
in connection with his theory of the solu- 
tion of algebraic equations, but the latter 
work influenced the early development 
f group theory more than the former, 
as a result of the fact that the theory 
if substitution groups received atten- 
tion before that of abstract groups. J. 
L. Lagrange used the concept of holo- 
morph of a cyclic group. 

Not only were various groups in the 
modern sense of this term used by the 
ancient and the medieval mathemati- 
clans, but these also began early to ob- 
serve evidences of the (1,1) correspon- 
dence between two of the most important 
ones of them, viz., those formed by a 
general arithmetic progression and by 
a general geometric progression, re- 
spectively. This made it possible to 
coordinate the fundamental operations 
of addition and multiplication and gave 
rise later to the use of logarithms during 


°H. Weber, ‘‘Lehrbuch der Algebra,’’ vol. 
2 (1899), p. 60. 


the seventeenth century. 


has ever since then 


’ 
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garded, especially in 


which involve lengthy numerical 
lations. It is an interesting fact t 
J. Napier (1550-1617) did not m: 


the identities of these two groups 


respond when he 


nstructed his 
ealled tables of logarithms by 
a certain (1,1) correspondence 
these two groups. 

Hence his 


by others in which the 


tables were so 
identiti 
two groups correspond, and on 
count the latter are more convenient 
is a striking fact that this im 
feature of the history of 
been commonly overlooked by the writers 


ortant 
logarithms has 
of general histories of mathematics up 
to very recent times. The first such his 
tory in which it is explicitly noted seems 
to be that of J. Tropfke’s ‘‘Geschichte 
der Elementar-Mathematik’’ and here 
it did not appear before the third edi- 
tion of volume 2 (1933 The 
history of the logarithms becomes much 


‘ page 206 
clearer when this point is emphasized 
and the subject of 


usefulness as a 


group theory thus 
exhibits its suggestive 
and coordinating theory extending down 
to the most elementary parts of mathe 
matics. Implicitly it was a dominating 
concept long before 
domination was explicitly noted 


The (1,1 


groups formed by the general arithmetic 


the this 


nature of 
correspondence between the 


progression and the general geometric 
progression began to be noted by the 
ancient Greeks, in particular, by Euclid 
and Archimedes, as regards the pro 
duct of numbers expressed as powers of 
the same number. This seems to furnish 
the oldest example of a 2 
pondence between two infinite 


and is important because the (1,1) cor- 


eorres 


groups 


respondences between groups eonstitute 


fundamental problem: in their 


These correspondences are now 


now a 
theory. 
commonly known as simple isomorph- 
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isms, and they were not studied as a 
special subject before the second half of 
the nineteenth century. The idea of 
simple isomorphisms underlies the de- 
velopment of abstract numbers and 
hence it is one of the primitive notions 
in the development of mathematics. 
The fact that it did not receive a special 
name before the explicit use of group 
theory is another evidence of the fact 
that definitions of concepts have fre- 
quently lagged far behind their use in 
the development of mathematics. 

There are three stages in the use of 
the modern mathematical coneept of 
group which should be noted. The first 
of these relates to the period when this 
concept was used without any definition 
of the term group. This period extends 
into the first half of the nineteenth 
century. It was followed by a period 
of much greater mathematical activity 
during which the concept was used as 
a supplemental concept with respect to 
concrete elements. This period extends 
up to the latter part of the nineteenth 
century, when various writers began to 
use the concept as an independent con- 
cept, while others continued to use it 
as a supplemental concept. The writ- 
ings of E. Galois (1811-1832), A. L. 
Cauchy (1789-1857), C. Jordan (1838— 
1922), S. Lie (1842-1899), F. Klein 
(1849-1925) and H. Poinearé (1854— 
1912) illustrate this use of the group 
concept, and they contributed most 
forcibly towards popularizing this con- 
cept by exhibiting its wide usefulness 
in establishing contacts which had there- 
tofore escaped explicit notice. These 
writings illustrate a striking feature of 
the devolpment of the mathematical lan- 
guage, viz., the use of terms which are 
only partially defined and which gain 
in content with the advances in the fields 
to which they relate. The term mathe- 
maties itself is another example of such 
a word. 

The third stage in the use of the 


modern mathematical concept 

is represented by systems of post 
which make it possible to use t!) 
cept with respect to abstract el 
and thus to construct an abstract t 
of groups. The rapid growth 
theory is due to the fact that m 
its fundamental theorems had bh: 
veloped under the influence of 
plemental definition of the term 
and required only a slight e| 
language to be available for the al 
theory. Just as in other parts o 
matical development, so here unex 
richness of results came into 
matics not so much because their s 
were diligently sought by the invest 
tors but because they unexpect 
forced themselves on their attenti 
the words of F. Klein, 

One cannot repress that oft recurring 
that things sometimes seem to be m 

than human beings. Think of it; o 
greatest advances in mathematics, the int: 
tion of negative numbers and of th 

with them, was not created by the 
logical reflection of an individual. Or 


} 


trary, its slow organic growth develoy 
result of intensive occupation with t 
that it almost seems as th 


though men had 

from the letters.® 

Groups are among the things 
sometimes seem to be more sensibl 
human beings, for they have frequi 
suggested properties which had not | 
suspected both as regards th 
structure and as regards the co! 
objects to which they were applied 
inherent suggestiveness of mathemat 
is clearly illustrated also by the ex 
sion of the number concept throug 
study of all the possible roots of 
braic equations. While this inherent 


suggestiveness relates to a variety 
mathematical subjects it is espec! 


pronounced in group theory so that HJ 

Poincaré was led to say near the clos 

of his brilliant career, ‘‘The theory 
6 Felix Klein, ‘‘ Elementary Mathemat 

an Advanced Standpoint,’’ Vol. 1, p. 27, 19 
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rroups is so to say the whole of mathe- the abstract of 

ities divested of its matter and re- which may be 

juced to pure form.’’ Such outbursts of the devolpme 

f enthusiasm are unusually common in ay be of 
literature of group theory and ex- ing a recent 

ibit its attractiveness when its various mathematical co 

:pplications are fully comprehended. set of A distinct 
Since the concept of groups is now... , Sm, 
the final stage of its metamorphosis tains the 

towards the abstract and has in recent including the 

times passed rapidly from the stage of ments are equal 

in undefined concept to one which was _ set is called 

at first used only with a supplemental obvious extension of 1 

definition, it presents at present an in- the set includes the 


emer! 


teresting subject also from the stand- n-+1 of these « 
point of mathematical history. These  titions, but does not 

changes help to explain the widely dif- of a smaller number 

ferent definitions of this concept adopted special case when n=1 this redue 
by recent writers and make it somewhat the one considered above but f 
difficult for those who are not specially larger values of n it follows th: 
interested in this field to decide which is not a group but a co-set f 

f these definitions they should use. It of order nh with re spect TO an 
should, however, be emphasized that it subgroup of order h. While 
seems more desirable to adopt one which co-set was introduced to represe1 


is in line with the abstract towards plemental concept relating to a 
] 


which the trend is moving than one _ results from what precedes that 
which is based on the supplemental idea cept of group may r 
from which the trend is moving away. supplemental to tha 

The emphasis here is, however, on the co-set becomes really fruitful o1 


eonne eti 


fact that we have before our eyes in con-_ it is considered in 
templating this concept an interesting related group and _ hence 
example of the metamorphosis towards dominates here also 
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By Dr. WILLIAM BOWIE 


CHIEF OF THE DIVISION OF GEODESY, U. S. COAST AND GEODETIC SURVEY 


We usually confine our engineering 
thoughts to such structures as bridges, 
buildings, dams, tunnels, highways, 
power projects, ete., but I like to extend 
engineering thought to the earth as a 
whole. We really do not give very much 
consideration to the old earth and what 
has been going on in its interior and at 
its surface during the past billion or so 
years. I speak of billions of years. I 
think I am justified in this, for accord- 
ing to all the geological and geophysical 
evidence the earth’s surface began to be 
disturbed about a billion six hundred 
million years ago. It was then that 
erosion and sedimentation began. We 
haven’t the slightest indication of what 
was going on prior to that time, but it is 
reasonably certain that at the beginning 
of what we may call the sedimentary age 
the earth’s surface was irregular. There 
were great areas that were depressed 
and others that were elevated. The hol- 
lows or low places were filled with water 
forming oceans and seas, and the high 
land projected above the water to form 
continents and islands. 

What caused the irregular surface of 
the earth originally? No one knows. 
There have been many hypotheses ad- 
vanced, but most of them are very un- 
convincing. The best one of these 
hypotheses, according to my view, is 
that which calls for the formation of the 
moon by a disruption of a portion of the 
earth. If an outer shell of the earth had 
solidified and its period of rotation had 
become such as to synchronize with the 
natural elastic period of the earth as a 
whole, then perhaps the mass would have 
been unstable and a drop would have 
been thrown off, that drop being the 
moon. 

It is rather interesting to note that the 





density of the moon, 3.4, is just 
the density of crustal rock on 
The volume of the moon is abo 
to the volume of crustal material 
the areas of the oceans, approximat 
one hundred forty million square mi 
to a depth of thirty or forty miles 
is possible that the moon may have | 
thrown away from the earth and 
the great scars which were left ar 
occupied by the oceans. 

In any event, we know that a | 
and a half years ago the earth’s surf 


was irregular. If it had not been irr 


ular, the water now forming the « 


would have been at a uniform level o1 


the whole surface and, therefore, 
could not have been any such thing 
erosion and sedimentation. 

The Coast and Geodetic Survey 
taken an active part in testing a 
interesting idea to the effect that 
earth is composed of materials 


characteristics. The first is a great im 


body which is apparently solid but w 
no residual rigidity; that is, it 
change its form without breaking 
stresses that act for long periods of t 
The second material composes the cr 
or outer part of the earth. It has | 


found by the analyses of geodetic dat 


that this crust extends to a dept! 
approximately sixty miles below 


level. The erustal rock has residua 
rigidity. It breaks if the stress 


exerted on it are too great. 


The crust is like a huge blanket sixt: 


miles in thickness and 197 million m 
in area wrapped around the earth. 
geodetic data show that this blanket 
resting on the interior material \ 


much as an ice sheet is resting on a la 


or on the Arctie Ocean. 


There have been enormous quantiti 
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material eroded from continents and 
erried down to tidal waters. An esti- 

ite by the scientists of the U. S. Geo- 
logical Survey is to the that a 
blanket of material one foot in thickness 
is earried from the United States to tidal 
waters each nine thousand years. This 
means that at that rate a mile of erosion 
would occur in approximately forty-five 

llions of years. Since the sedimentary 
age is thirty times that long, there may 
have been thirty miles of material 
eroded from the United States, if the 
area Was maintained at its present ele- 


effect 


vation. 

It is, of course, unlikely that any such 
amount of eould have taken 
place from any one spot. As erosion 
oceurs in a mountain area the crustal 
blanket is lightened at this point. It 
doesn’t press down on the nucleus quite 
so heavily and, therefore, the nucleus, 
yielding to these stresses, will well up 
under the area of erosion and push the 
crustal material upward. Where the 
sediments have been deposited the crus- 
tal blanket becomes extra heavy and it 
pushes down on the subcrustal material, 
which yields and moves to the side, just 
exactly as water would be displaced if 
an ice cake or a portion of an ice field 
were weighted down by an added load. 

Sediments have been deposited during 
so-called geological time to thicknesses of 
as much as 40,000 feet, nearly eight 
One can imagine what a great 
load that is and how the crust beneath 
would break or yield under it. There is 
evidence that in the past mountain areas 
have been completely leveled off. This 
has required much more material to be 
earried from the mountain area than the 
amount above sea level to begin with. 
If the density of the suberustal material 
that enters crustal space is 10 per cent. 
greater than that of the surface rock, 
then it ean easily be shown that ten 
times as much rock as that contained in 
the mountain must have been eroded to 
bring it to sea level. 


erosion 


miles, 


+ ‘ £ ine . 
It is also of interé 


plateau and every 
been formed in area 
viously subjected t 
sedimentation. Ther 
relationship between 
or the 
tion. 
There 


earth s suriac 


is hardly a 
t } 


been bel 


surface that has n 
at least once. This is indicated 
of marine anil 
This 
It must be going 
ntinue to go on 


presence of fossils 
the stratified rocks. 
not been finished. 
to-day and it will e 
long as we have sunshine and rain. The 
heat from the 
which falls to the surface of the earth 
as rain. After every rain some material 
is carried from high to low areas as sedi- 
ments or as matter in solution. While 
the process of wearing down a mountain 


process 


Sun evaporates water 


or plateau is slow, yet there is plenty of 
time. A billion and a half years is quite 
a long period. 

The earth should not be considered as 
a rigid structure. It is a yielding one. 
As loads are shifted at 
erustal blanket will go 
cording to whether it is eroded or 
loaded. It is remarkable how nearly the 
crustal blanket is in equilibrium in all 
its parts. Jsostasy is a term meaning 
equal pressure and is used to express the 


its surface the 
up or down ac 


over- 


equal pressure of the earth’s crust on 
the inner material. Of course, we do not 
expect each small portion of the earth’s 
erust, say a mile or ten miles square in 
isostatic 


cross section. To be in perfect 


equilibrium, but if we could cut up the 
earth’s crust by 
blocks approximately one hundred miles 


vertical planes into 
square, and if there were no resistance, 
frictionally or otherwise, to the blocks 
moving up or down, we should expect 
the movement of block to be 
very small, measured perhaps in hun- 
dreds of feet, certainly not in thousands. 

The basis of this opinion is, of course, 


+ 


the vast quantity of geodetic data that 


any one 
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has been accumulated in this and other 
countries. We determine the longitude 
and latitude of thousands of points over 
the earth’s surface by means of triangu- 
lation, and we observe the astronomical 
latitudes and longitudes at some of those 
places. When compare the astro- 
nomical and so-called geodetic latitudes 
and longitudes, find that in many 
eases they differ greatly. Some of them 
differ as much as thirty seconds of are, 


we 


we 


a difference corresponding to as much as 
a half mile on the earth’s surface. We 
know that the irregular surface of the 
earth effect on astronomical 
observations. All the astronomical work 
is referred to the direction of the plumb 
line, which is at right angles to the lev- 
els of the astronomical instruments. At 
different points on the same degree of 
latitude the plumb line does not point 
to the same spot on the axis of the earth. 
This is because the direction of gravity 
is influenced by the irregular terrain. 
A great mountain mass will deflect the 
plumb line toward it. 

We have some notable examples of 
deflections of the vertical. One in our 
area is on the Island of Puerto 
Rico. Two astronomical stations, one on 
the south and the other on the north 
coast of that island, were joined by tri- 
angulation. It was found that the exact 
distance determined by triangulation 
was just about a mile shorter than the 
distance computed from the difference 
in latitudes of the two astronomical sta- 
tions. 

We can correct the astronomical ob- 
servations for the effect of the irregular 
surface of the earth. The masses above 
sea level will attract the plumb line, 
while the deficiencies of mass in nearby 
oceans will, in effect, repel the plumb 
line. After we make the corrections for 
the irregular surface of the earth, how- 
ever, we find that the astronomical and 
geodetic latitudes and longitudes still 
stand apart. The corrected values differ 


has an 


own 
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in the opposite sign from what 
originally. 


led to the thought that there must 
deficiency of density under m 
and plateaus and an excess 
under 
masses were assumed to be exact] 


oceans, These comp 
to the masses of the topograp 
positive or negative. A quant 
of this theory was made by e1 
the Coast and Geodetic Sury 
thirty or more 

effect on the plumb line of 


years ago. W 


sating deficiency or excess was 
to astronomical observations, 
nomical and geodetic longitud 
latitudes were found to be ve1 
the There 
standing differences, but 

found that those differ 
probably largely due to buried st: 
igneous r 


same. were still 


been 


such as masses of 
close to the stations, or to gre 
filled with material of 
density that in effect 
line. 

In addition to the 
tions we have values of 


+ 


" , 
iCSS nal 


repel 


astronom! 
gravity 
mined at many places over our 
other countries. We find that 
ity values, representing the pu 
earth, are influenced by the i 
terrain just exactly as the astr 
determinations of longitudes a 
tudes are affected. We bring 
served and theoretical values « 
more closely into accord when ws 
corrections for topography and 
isostatic of the 
raphy. 

It seems reasonable to assume 
mountain mass such as the 
compensated within 10 per cent. 


compensation 


of the opinion that the compensat 


even closer than that for areas 
hundreds of miles square. 


It was this discrepan 


Rock 


The isostatic condition of the eart 


erust has been taken into 


engineers and 


accoul 


mathematicians of 


+ 
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ast and Geodetic Survey in deriving 

dimensions for the mathematical 
irface that most nearly fits the sea level 
+ geoid surface of the earth. If water 
wered the earth’s surface everywhere 

the same depth and there were no dif- 
ferences in the distribution of densities 

ng the radii of the earth and if this 
water surface were undisturbed by tides 
nd winds, the surface would be very 
early a true spheroid. Any meridional 
section would be an ellipsoid and any 
small circle parallel to the Equator 
wid be a eirele. Owing to the irregu- 
lar surface of the earth, however, these 
“urves are not true mathematical ones. 
They are somewhat irregular. It is not 
known definitely just how much these 
irregularities amount to, but probably 


ey are not greater than several hun- 
ired feet at any place on the earth’s 
surface. It is reasonable to assume that 
the geoid or sea level surface is below 
the spheroid over ocean areas and above 
e spheroid over the continents. In 
deriving the shape and size (figure) of 
the earth from triangulation and astro- 
nomical data, we get very much better 
that is, values nearer the truth 
when we apply the principle of isostasy. 


values, 


It is interesting to note that forces do 
not pile up to tremendous proportions in 
the earth’s crust. The crust yields fre- 
quently. We do not know how many 
earthquakes occur each year, but the 
number that is recorded by the few seis- 
mological stations in existence is some- 
thing like ten thousand. This is about 
three hundred earthquakes per day. Of 
course, many of these are so exceedingly 
small that they could only be detected 
from the records of the seismological 
stations, but they show constant yield- 
ing. It is fortunate that there are many 
earthquakes, for if it were otherwise, 
stresses would be set up in the earth’s 
crust that would be so tremendous in 
size that when a break eventually came 
the destruction would be far greater 
than it is now. 


Earthquakes have caused great d 
age to the works of man and have caus 
tens of thousands of deaths, but this h: 
been due largely to lack of preparat 
for them. A wooden house or 


oftice building 


a moder 


with steel framework 


not seriously damaged by an earthquake, 
but other types of structures, if 


without braces and designed onl) 


withstand the weight of the 


materia 


the forces of the , may be rock 


pieces when an earthquake occurs. 
l 


iagonal bracing to 


not costly to put in « 


keep the walls and floors of a building 


strongly 


connected during vibrati 


the structure by an earthquake 


matter of protecting buildings and ¢ 


neering structures from the effect 


earthquakes is receiving very serious 


consideration by engineers to-day, espe 
cially by those operating in regions 
where earthquakes are most apt to occur 

There 


quakes of which we are quite sure. One 


are several causes of eart! 

is the pressing down of crustal material 
in areas that are undergoing very rapid 
As the load is 


will at 


and great sedimentation 
piled on the crust it 


No doubt there 18s some pias 


first vield 
elastically. 
tice movement of 


erustal material in 


volved, but at times the weight becomes 
vreater than the elastic limit of the rock 
and then a sudden break or snap occurs 


An earthquake is really a train of waves 


that go out from th where the 


break occurs. 


> ié ‘p 
piace 


earthquakes must 


A second cause of 
be the 


under an area subject to erosion. 


material 

As the 
material is eroded from a portion of the 
crustal blanket it becomes lighter. The 
subcrustal material moves upward into 
crustal space to balance the underload 
ing. 


moving up of crustal 


Sometimes the movement upward 
is so great that the rock snaps instead 
of becoming distorted to 
stress. When this breaking occurs, we 
have an earthquake. 

There is a third cause of 
An area that 


relieve the 


earthquakes. 


has been forced down 
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under sediments will eventually rise up feldspars having exactly the same 
to form a plateau or a mountain. In ical elements appear in different 
this process of going up, the elastic limit with quite large differences in densit 
of the rock may be exceeded and the Why is it not possible for a chang, 
resulting break will cause an earthquake. occur in the density of some of the 
We also have the case of a mountain or ments of the crustal material as 
plateau area where great erosion has material is subjected to different 
taken place. Eventually the erosion perature and pressure conditions? 
areas will sink below sea level and form old explanations for the formati 
geosynclines or troughs. This sinking mountains and continents leave 
sometimes causes rupture of the rock. rather confused, while this 

There are many phases of geology that change in density as the crustal ma 
are extremely interesting, such as volea- moves up and down seems simp 
noes, or outflows of lava, the formation reasonable. 
of dykes, the over-thrusting and under- The question is frequently asked, y 
thrusting of rocks. Rocks are distorted effect has all this movement 
in fantastic ways. It seems to me that earth’s surface on surveying and 
engineers must work with geologists in ping? The answer is that in some 1 
order to discover just what is going on it disturbs conditions very mat 
to change the configuration of the In California, for instance, we fi 
earth’s surface and to cause all these some of our triangulation stat 
very interesting phenomena. Weshould _ been changed in their longitude ar 
treat the earth as an engineering struc- tude by as much as ten feet, and a 
ture just as we would things that engi- some of our lines of leveling 
neers build. We should search for marks have been changed by large f: 
eauses of failure or yielding just as we tions of a foot. Of course, there n 
would if a foundation started to give very great changes when an earthg 
way. occurs. At Yakutat Bay, Alaska, 

I am confident that the cause of moun- earthquake of 1901 made an ext: 
tain and plateau formation is the change change in elevation of 49 feet. Or 
of density of the material of the crust imagine what that would do to a 
below areas of sedimentation. Every highway or railroad. 
cubic yard of crustal material under the We are now covering the country | 
sediments is pushed down into hotter ares of triangulation and lines of | 
regions, perhaps six or eight miles at with the ares and lines fairly ¢! 
times. Eventually the surfaces of equal spaced. Whenever an earthquake 
temperature which have been depressed we can go to the region where the break 
will rise to their normal positions. took place and rerun our lines of | 
When they do the crustal material will and reobserve the angles of the triang 
become hotter and no doubt will take on lation and determine just how n 
new form or forms. There are many movement has taken place for eac! 
materials that appear in different forms of our stations. It will be interesting ' 
and with different densities. Carbon learn how large an area is affected | 
occurs as a diamond, as coal and as_ earthquake. Is it only a strip a mile 
graphite, with a very wide range of so wide or are hundreds or thousand 
density. Quartz appears in many varie- square miles affected? I am rat! 
ties with exactly the same chemical ele- clined to think that an earthquake 
ments but with densities that vary as caused by forces of a very local nat 
much as 6 or 8 per cent. Some of the but I can not prove this. We shall | 
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wait until we reobserve the triangula- 
tion and leveling that lie near the epi- 

nters of many earthquakes. 

I do not know just what happens to 
property lines when an earthquake oc- 
ours. In California, the earthquake of 
1906 shifted fences in position by as 
much as ten or fifteen feet. Does the 
property line follow the fence or does 

e owner still have the same amount of 
area that he had before the quake? I 
believe that engineers of California have 
viven some thought to the adjustment of 
property lines after earthquakes have 
moved them. 

There seems to be very little evidence 
that the processes that operate on the 
earth’s surface to change the configura- 
tion will end very soon. The earth’s 
surface is certainly not getting very 
much colder than it was a billion years 
ago. Plant and animal life of those 
times could not have stood a tempera- 
ture as great as that of the boiling point 
f water, 100 degrees Centigrade. I do 
not know what the average temperature 
f the earth’s surface is now, but it can 


not be far from fifteen or twenty degrees 
Centigrade. We may assume that the 
earth’s if cooled d 
through the and a half y 
since rain began to 


; + 


surface, if it has 
billion 
fall and sediments 


formed, has not changed its temperature 


by as much as 100 degrees Centigrade 


This is at a rate 
proximately fifteen million 
This is certainly very slo 
There is 
about the earth and what 
because we really can do 
ing about it. Let us 
and be thankful th: 
earthquakes instead of 


one degree in ap- 


no nee ( f 


sun shines and causes evaporation, 
the rain falls and er 
tation take place. Let us not worr 
: homes will be u 


sion and sedim¢ 


fear the sites of our 
the ocean some hundred million or 


years from now. Surely any change in 
the configuration of the 


will occur so slowly that the 


earth’s surface 
inhabitants 
of the earth will 
of the way of anything that might cause 
them trouble. 


have time to move out 
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LITERATURE 


NITROGEN FIXATION BY PLANTS’ 


By Dr. P. W. WILSON 


THE DEPARTMENTS OF 


UNIVERSITY 


THE PROBLEM 
OnE of the most obvious and yet al- 
most neglected aspects of scientific re- 
search the accumulation of a 
technical literature. To label this litera- 
ture ‘‘neglected’’ might appear to be a 
generous overstatement, in view of that 


has been 


constant demand for current periodicals 
and bound volumes in the majority of 
our scientific libraries, a demand that 
gives rise to that most irritating state- 
ment, ‘‘The journal you want is out.”’ 
Appreciation of the literature, however, 
is confined primarily to its use as an ad- 
ditional tool for more research— it serves 
as a fountain of information and indi- 
cates guide-posts for present problems. 
While practically every scientist claims 
acquaintanceship with the literature of 
his particular field, his knowledge 
usually restricted to the factual material 
contained therein. Study of the litera- 
ture as an entity is almost completely 
unknown; its function in science is pri- 
marily that of a technical accessory—its 
meaning for the philosophy of research 
little more than that furnished by 
gelatine plates, guinea pigs or graph 
paper. 

It appears probable that this limited 
view of the function of publications 
might decidedly handicap the service of 
literature to general problems of science, 
however satisfactorily it meets the de- 
mands for mere technical assistance. At 
present, with the values of science seri- 
ously questioned by layman and official, 
an inventory of past and present activi- 

1 Herman Frasch Foundation in Agricultural 
Chemistry, Paper No. 88. 


is 


is 


AGRICULTURAL BACTERIOLOGY 


and Professor E. B. FRED 


AND AGRICULTURAL CHEMISTRY, 


OF WISCONSIN 


ties is indicated to answer the rec 
questions of ‘‘ Whither Science? 
and How Far?’’ 
study of the biological properties 
literature of various fields might pr 


\\ 


It is suggested 1 


one method of attack for the n 
inventory. By biological properti: 
meant the growth and development 
literature, especially as these are 
enced by and reflected in 
ment; subject-matter 
should be 
the data. 
A census-taking of the publicat 
a given field should provide va 
formation for the interpretation of 
production and might afford some 
for prediction of future trends 
sible uses of an analysis based 
counting of publis 
papers would include the followin 


the en\ 
well 


as 


considered in evalua 


heads among 


(1) Provides an insight into the n 
the dependence of interest in a given 
upon external factors of an economical, 
ical or emotional nature. 

(2) Gives to the novitiate in a field 
of the volume and distribution of the 
which forms the organic body of data to v 
he hopes to add. 

(3) Enables a limited prediction with res 
to future production of both number and 
tent of papers. Awareness of future trend 
production might allow a measure of cont: 
this is deemed wise or necessary. 


1 
liter 
lite 


In order to lend itself to an analysis 
such as that proposed, the body of r 
vant material should cert 
characteristics. For example, interest 
the subject-matter of the literature to b 
examined should have extended over 3 
number of years. This insures that a 
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possess 
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r less steady development rather 

the mushroom type of growth has 
Likewise, the subject-matter 

iid cover a fairly large but definite 
lem. The field not be too 
irply delimited ; otherwise the volume 
iblications will not be sufficiently 
On 


are 


should 


to allow statistical treatment. 
ther hand, the papers 
rned with a perfectly definite prob- 
the growth curve will represent the 


unless 


ot a number of interlocking devel- 
ents and as a result may defy ra- 
nal analysis. Finally, the field of 
ly represented by the literature be- 
examined should be coherent and 

e. If this is so, the research at a 
ven time is intimately connected with 
st work and does not depend on the 
im of the fad type of scientist. 


il 


MetTuop ofr ATTACK 

A body of literature that apparently 
satisfies the foregoing requirements is 
hat which deals with the subject of 
trogen fixation by plants, especially by 
» Leguminosae. Because of the prac- 
tical application, the literature on this 
bject boasts of an ancient and respect- 

e lineage. A Chinese writer of the 
fth century B.C. deseribes the use of 
the mung for manuring. 
Reference to leguminous like- 
wise, are found in Egyptian writings 

the pre-Christian era. Greek 
writers comment, 
astutely, upon the importance and func- 
tion of the Leguminosae in agricultural 


bean green 


plants, 


and 


Roman often quite 


art. When in the early nineteenth cen- 
tury, agriculture was definitely regarded 
as a suitable field of inquiry for natural 
scientists, foremost among the contribu- 
tions to the laws of husbandry were 
those concerned with the use of legumi- 
nous crops. 

Albrecht Thaer, the foremost agricul- 
turist of his day, strongly advocated the 
inclusion of the Leguminosae in crop 
rotation to the point of advising rota- 
tions in which leguminous crops pre- 


dominated. So gr 
that in 1856 he ean sta 
practice of sowing whi 
last crop has become vi 
a few apathetic and 
turists, or men w! 
old opinions and eu 
practice.’’ Sehultz 
of modern green ma 
turning under 
peas for soil improv 
as early as 1801 Bor 
** Essays and Notes 
Rural Affairs’’: ‘*C 
cether with the remair 
ble, year alter year 
orate the soil.’’ 
In light of 
tions coneerning t]) 
crops as enrichers 
surprising t 
of agricultural experiment stat 
with an examination 
plants, especially 
nutrition. In 
America, the hi 
State experimé 
connected with st 
problems associated with 
of fixation of atm: 
The 
researches has been 


and MeCoy, 


important public 


spnpner 


plants. literature resulting 


these revie 


Fred, 


effort to examine all 


Baldwin who 


tions on this subject collected a fil 


over 2,000 references. Access to such a 


population arouses an irrepressible urge 


in the student of statistical science to 
make some sort of classification of 

catalorued items 
itself 


classification 


The problem tnen re 


c 


to selection OL a 


basis 


duces 

} 1 1] = } 
woicn Willi proviae 
information with respect 


maximum 
the biologicai properties of the po 
tion. 


2 Wisconsin Studies in § 


The authors wish 
to Dean Baldwin and Professor McCoy f 


paration of this 


cience 
to express their appre 
cooperation in the pri 
script. 
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Before discussing the data, it might (3) papers appearing in obscure 
be well to consider briefly the methods nals that are not abstracted; (4 
used and to indicate certain limitations with practical value for a given 
in the sample. The publications of a and whose circulation is according 
given year were divided into nationali- ited, e.g., station bulletins and 
ties with respect to total number and Cases three and four will tend to 
to total pages. By nationality is under- a bias in favor of the United §; 
stood that of the journal publishing since very rarely would a publicat 
the paper rather than the native coun- this subject in the United States | 
try of the author, since the latter is be noted in the Experiment Si 
frequently difficult to determine. In a Record. 
large sample, heterogeneous ‘‘crossings,’’ 
.¢., Frenchmen publishing in German 
journals, should tend to compensate one 
another. In the case of papers appear- Production of research articles s 
ing in journals which publish in several 1884 pertinent to the subject of 1 
languages, e.g., Zentralblatt fiir Bak- fixation by leguminous plants is i: 
teriologie, the publication was credited cated in Fig. 1. Prior to the midd 
to that nation whose language was used. the nineteenth century, a few | 
In the latter case it was necessary to had appeared on this subject, n 
ascertain the nationality of the author the studies of Boussingault, Vill 
of those papers published in English. Liebig dealing with whether 
In order to eliminate, at least in part, Plants in general can utilize 
the variations which arise from time lag nitrogen of the air. From 1850 
in the date of publication after receipt this subject received increasing 
of the manuscript, the data were aver- tion, a total of 90 papers appearing 
aged for a two-year period. ing this period. The contributions 

It might appear to be advantageous from many countries and the rate fr 
and desirable to classify the material ®"Y One nation was erratic, hence 1 
according to subject-matter. This plan tempt was made in this figure to 
was rejected when it was found that growth prior to 1884. 
many publications would fall into sev- The data were conflicting, the 
eral groups with a resulting confusion cations were often polemical ir 
that would defy analysis. Instead, the 4nd the question of the ability of 
predominant topies of investigation of a +? fix atmospheric nitrogen ren 
given period will be discussed briefly in Unsettled. It is interesting to n 
a general way in the text. in many of these papers the answer t 

Although the authors of the mono- the perplexing problem was shrieking 
graph endeavored to collect all extant make itself heard above the din of 
original contributions to the subject, it is troversy. A posteriori it is easy t 
obvious that certain papers were over- that Ville, Lawes and Gilbert, B 
looked or eliminated from consideration. gault and Atwater all published ex; 
These will include: (1) A vast number ments which might have clarified 
of popular articles and semi-popular muddled situation, had the proper 1! 
bulletins, the scientific nature and value pretation been forthcoming. 
of which are open to question; (2) Ville in France claimed that all p! 
papers of recent publication and hence legumes, grains and_ grasses 
not yet in the ‘‘literature,’”’ i.e. ab- utilize free nitrogen and convince 


] 


stracted or referred to by other authors; referee board including such distil 
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euished scientists as Dumas, the chemist, 
and Chevreul and Regnault, the physi- 
eists. of the truth of his claims. Ville’s 
fellow countryman, Bossingault, likewise 
presented data from field experiments 
which had been carried out for 16 years 
and which seemingly offered strong 
proof that leguminous plants fixed at- 
mospherie nitrogen. Liebig convinced 
1e majority of investigators, including 
Boussingault himself, that the observed 
gains in nitrogen were only apparent 
and rested on errors in the analyses of 
the manure added to the fields. 

Lawes, Gilbert and Pugh at Rotham- 
sted in England conducted experiments 
which were masterpieces of technique 
and concluded that no plant is able to 
use free nitrogen. Cereals and legumi- 
ous plants were grown under glass in 
sterilized soil and supplied with sterile 
water and air; their exact control kept 
out the bacteria necessary for nitrogen 
fixation by the Leguminosae. These 
workers were cautious enough to suggest 
that the conditions of their experiments 
were artificial and abnormal, since field 
experiments indicated that Leguminosae 
obtained more nitrogen than was pres- 
ent in soil, rain and seed. 

Probably closer to the solution of the 
problem than any of these was Atwater, 
of Wesleyan University, Middletown, 
Connecticut. In the early eighties, 
through ‘‘the generosity of Hon. J. W. 
Alsop, M.D., who, by defraying the 
larger part of the pecuniary cost and by 
aid in other ways, has made the investi- 
gation practicable,’’ Atwater and his 
assistant, Woods, made rather extensive 
experiments with the pea plant. The 
plants were grown in the greenhouse 
and in the open in the presence of vary- 
ing levels of nutrients, including com- 
bined nitrogen. The nitrogen balance at 
the end of the experiments showed con- 
clusively that nitrogen had been ac- 
quired from the air in such quantities 
as to preclude the conclusion that it had 
been assimilated as ammonia. In spite 
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of the fact ‘‘that plants assimilate free 
nitrogen is contrary to the general belief 


} 
} 


and the results of th 


e best investigators 
on the subject,’’ Atwater clung persis 
tently to the belief that 
plants could use free nitrogen. In 
first report (1884) before the 
Association for the Advancement of Sci- 


lezguminou 
Panne } 
British 


ence, Atwater offered no explanation for 
his data; later in the American Chemi 

Journal he attempted to reconcile his 
findings with those of the ‘‘best investi 


} 


Two factors that might have 
those of 


his results and not 
suggested electricity 


gators.’ 

influenced 
the 
and microorganisms. 
novelties in science and Atwater ap 


others were 


Both of these were 


peared to embrace both without favor or 
prejudice as the possible missing link 
In 1886 he again discussed his experi- 
ments in the December  t] 

American Chemical Journal, st: 


issue 


To what extent the attested 


atmospheric nitrogen 
alone, in how far it 
action of electricity, mi 
induced by th lant, by 
and under what ec 
are of course matters for future stu 
I am observed fact to i 


these (ignited sand and nutrient so! 


2D hat enn 
e } wha l 


mditions it is 


aware of no 


arately or together are able to fix 
aid of electricity, microorganisms, or any 
means. In the present state of our knowled 


therefore the balance of probability seen 
decidedly favor the assumption that t) 
themselves must be factors in the acquisit 
atmospheric nitrogen. 

ints 

by 


But whatever may be the p! 


atmospheric nitrogen, the ways 
acquire it or the form in which 


fact of its 


acg lisiti 


nm seems wi 


Atwater clearly recognized the possi- 
bility that both plants and bacteria may 
be factors in the fixation process but was 
confused by the other alternatives, nota 
and thereby missed 


Prophet 


bly electricity, 
solution of the pro 
he adds: 


] 
em. 


late research leads us to hope tl 


And 


explanation of the process by wh 
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gen is acquired may be found, perhaps in the 


near future. 


The hope had already been realized. 
In 1883, Hellriegel and Wilfarth, two 
rather obscure German plant chemists, 
had begun a series of experiments which 
were destined to supply the key to the 
puzzle. Initially they had planned only 
to study the influence of the quantity of 
combined nitrogen on the yield of crops, 
seemingly a somewhat obvious and sim- 
ple problem. At the end of two years 
of work, Hellriegel and Wilfarth could 
enumerate three facts, well established 
but unexplained. Cereal crops grown in 
sand cultures, supplied with a nutrient 
solution complete except for the element 
nitrogen, grew in proportion to the 
quantity of combined nitrogen added, 
but the growth of a leguminous crop 
apparently was independent of added 
nitrate. Moreover, chemical analyses 
demonstrated that the leguminous plant, 
peas, often showed gains in nitrogen 
which must have come from a source 
other than the sand or nutrients; no 
such gains were observed with the cere- 
als. Finally, the pea plants in the con- 
trol pots, i.e., pots to which no nitrate 
was added, developed in a most confus- 
ing and inconsistent manner. Duplicate 
pots would be quite at variance with each 
other; the peas in one would be tall with 
dark-green foliage, in the other, stunted 
and yellow. 

In a manner not unlike that of 
the detective in mystery fiction, these 
two methodical German investigators 
searched for a clue in the mass of evi- 
dence which would lead to a rational 
explanation of the seemingly irrational 
data. Four hypotheses, advanced by 
other workers to explain the differential 
response of cereals and leguminous 
plants to nitrogen nutrition, were care- 
fully applied to the data, and each in 
turn rejected. Elimination of these 
hypotheses was in the main due to the 
unexplained vagaries of the control pots; 
four ‘‘beautiful hypotheses were slain 
by one ugly fact.’’ But what at first 


appeared to be only a major trag 
science proved to be in the end the 
sought-for clue. The curious, va 
behavior of the peas in the contr 
tures could be interpreted as the rand 
distribution of some unknown fact 
factor which entered the cultures 
the outside and which enabled 
nous plants to fix nitrogen. If t 
the case, one would expect the 
to be unpredictable, since whether 
this factor reached a given culture m 
well be governed by the laws of 
To construct an adequate hyp 
the basis of this idea was the next 
toward the solution. Hellriege] 
that the air contained microorganis 
that certain species of microorg 
were able to fix atmospheric 1 
and that some plants lived symb 
with lower fungi (mycorrhiza 
ports in the literature had offer 
evidence that the protuberances 
roots of the Leguminosae, the n 
were filled with bacteria. These 
vations were combined into a simp 
complete explanation of the facts 
teria from the air fell into the open s 
cultures, infected the peas, 
nodules which enabled the plant 
free nitrogen; the bacteria were wit 
effect on the cereal crops. Althoug! 
hypothesis brought order into the 
fused results of previous experim 
publication was delayed until it ¢ 
critically tested. 

In March, 1886, Hellriegel and 
farth began the crucial experiment 


LV 
y) 


one series, seeds, sand, pots and nut! 
solution were carefully sterilized and t 
sand protected from chance infection |! 
sterile cotton ; the second series was 1( 
tical, except that the pots were delil 
ately infected with an extract of a 
garden soil; in the third series not! 
was sterilized and infection left 
chance. This experiment was a complet 
failure—in their anxiety to eliminat 
microorganisms a sand was obtain 
which had been strongly ignited; 
ignition had formed an ash so alkali 
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The ex- 


Ssec( nd 


that none of the plants grew. 
periment was discarded and a 
started in May ; Hellriegel’s sole com- 
on what must have been a bitter 
lisappointment was that the duplicate 
experiment was begun ‘‘late, but as the 
Sel- 


nT 
merit 


following will show, not too late.”’ 
dom has a eritical test given such perfect 
Peas grown in sterilized sand 
behaved as did the 


crowth was dependent on added nitrate, 


létc 
results. 


cereals, viz., the 


it in the sterilized sand plus soil ex- 
tract all cultures of peas grew luxuri- 
antly and fixed quantities of free nitro- 
gen. In the sand the 
development of the peas was erratic, as 
in the former experiments. At harvest 


complete ; 


non-sterile 


the verification was 


crown in the sterilized sand were free of 
nodules, but those in the sand plus soil 
extract were covered with the character- 
istic tubereules. In the non-sterile series 
only those plants which were tall and 
thrifty were infected. 

Hellriegel appeared before the agri- 
cultural experiments section of the Ver- 
sammlung Deutscher Naturforscher und 
Aertze in September, 1886, dramatically 
exhibited typical 
plants and cereals and made his report. 
His discussion of the results was brief, 
but the demonstration of actual plant 
cultures met all arguments. Ironically, 
this meeting in Berlin was presided over 
by Henry Gilbert of Rothamsted, whose 
painstaking experiments of thirty years 
previous were thought to have settled the 
but were 
now shown to be in error—an error aris- 
ing from too much care! Undiscour- 
aged, Gilbert returned to England and 
soon published an account of experi- 
ments which are masterpieces of tech- 
nique and which completely confirmed 
the findings of Hellriegel and Wilfarth. 


peas 


pots of leguminous 


question, whose conclusions 


THE PERIOD OF DEVELOPMENT 
(1886-1914) 
The discovery of Hellriegel and Wil- 
farth immediately stimulated research 


on nitrogen fixat 
figure shows that 
sulted during 

Scientists of many 
in turning 


another 
pace. Germany d 
Krance was als 
Empire produced at 
rate and America ma 
tions through for 
collaborators. Many of 
ing this period of accel 


} ’ 
ie t} } Te 
iC@SS Lidl 


ment were 


and were often publishe 


author would 


publish 
ticles bearing the same 
volume of a journal, 
with a detail of on 

It is probable that the 
would not accept such ‘‘squibs,”’ 
on this subject, and this must be 
mind when comparing the output d 
this Golden Age of production wit 
periods. Subject-matter of most 


contributions is monotonously 


the experiments of Hellriegel 


nfirmed. It 
us and careful 


farth have been ce 
ute to the gen 
these two men that few dissent 
are noted among the 
their work. 


Interest in the 


many 


not all plants can free nitrogen was 
revived, and during the period 1890 
1895 the last mass attack was m: 
The old experime 


repeated and new ones devised, 


this question 


results with plants other than m« 
of the Leguminosae were uniform): 
ative. Since 1900 investigations 
subject 


efforts of the more intrepid wi 


have dwindled to the sporadi 
rKers 
One important contribution made dur 
ing this period must not be overlooked, 
in pure culture of the 
Hellriege] and Wi 
farth were plant chemists and were un 


viz., the isolation 
causal organism 
interested in the 
biology inherent in 
employed for inoculation crude 


finer points 


their work. 
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of soil or extracts of soil. In 1888 
Beijerinck isolated pure cultures of the 
organism from the nodules of various 
leguminous plants and laid the founda- 
tions for the extensive bacteriological 
studies necessary for final solution of the 
problem. 

About 1895 the zeal to verify the ex- 
periments of Hellriegel and Wilfarth 
had largely subsided and the rate of 
production fell off decidedly. Simul- 
taneously the content of the papers 
changed; editors probably began to re- 
ject what an unkind critic might term 
‘*pot-boilers,’’ and attack on some of the 
more complex features of the symbiosis 
became necessary. With the formula- 
tion of the complicated aspects of the 
problem, there was a sudden loss of in- 
terest which caused a sharp dip in the 
Nevertheless, dur- 
some of 


eurve of production. 
ing the period of this ‘‘low,’’ 
the most suggestive and provocative con- 
tributions were made, notably by the 
Germans, Frank, Nobbe and Hiltner, 
and by the Hollander, Beijerinck. A 
few of the questions raised by these 
investigators, many of which have not 
received final solution after 40 years of 
research, include: 


(1) Does one species of bacteria attack all 
species of Leguminosae, or does each species of 
plant require a special type of bacteria? 

(2) Are the bacteria capable of fixing nitro- 
gen apart from the proper host plant? 

(3) What is the explanation of strain varia- 
tion, i.e., why does one strain of the organism 
benefit the plant, whereas another strain of the 
same species proves non-beneficial ? 

(4) What is the best manner to apply arti- 
ficial inoculation to crops? Under what condi- 
tions should artificial inoculation be used? 

(5) What is the chemistry of the process? 

(6) What members of the Leguminosae are 
especially suited for use as green manures? 
How should these be handled? 

(7) What is the order of magnitude of nitro- 
gen returned to field by various leguminous 
crops when used as a green manuref When 
the crop is removed? 


From 1895 until 1915 there is a grad- 
ual but steady increase in the rate of 
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production of research papers. In 
20 years the influence of German s 
is manifest; without a doubt, the 
mans were the leaders in this field 
respect to both quality and quantity 
contributions. At the beginning of 


century the number of papers by Am 
can investigators rose rapidly and s 


threatening the German 
nance. Part of this 
efforts of Moore at the U. 
of Agriculture, who succeeded in | 
larizing this field of research amor rt 
investigators at experiment stat 
Likewise the expansion of experi! 
stations in numerous 
swelling the total of publications 

the United States. A large number 
the American contributions at this tir 
were in the form of station bulletins a: 
dealt primarily with practical pro! 
e.g., the type of leguminous plants t 

in a given locality or with the benefit 
artificial inoculation. While the pul 
cations from the United States incr: 
rapidly, those from the British Empir 
exhibited a more restrained developm: 
and those from France declined. It 
noteworthy that research on this 

lem in countries other than the “‘B 
Four’’ was definitely established durir 
the period from 1895 to 1915. 


were 
due 
S. Depart } 


was 


states aided 


APPROACHING Maturity (1915 

Even before the world war, there was 
evidence that the United States was t 
assume leadership in the production 
research concerned with nitrogen fixa- 
tion by the Leguminosae. With 
start of the conflict this occurr 
Among the European nations the quan- 
tity of research fell off sharply during 
the period from 1914 to 1919, while an 
actual expansion took place in t 
United States. The explanation of t 
increase in the productivity of Amer 
during the war probably rests on 1 
fact that food production for man and 
beast was the feature of our participa- 
tion. Research in the field under con- 
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sideration accordingly would be stimu- 
ited by the national crisis; the increase 
es not imply non-participation in war 
tivities by the American scientists as 
cht be superficially inferred. 
One of the most important of the prac- 
contributions made during this 
riod was the development of reliable 
thods for supplying pure cultures of 

. bacteria for artificial inoculation of 
eguminous seed. Such cultures made 
mnecessary the use of the laborious and 

iphazard soil transfer method pre- 

isly used to provide the proper or- 
nisms. The majority of previous 
ittempts to furnish pure cultures had 
proved disappointing and frequently 
disastrous mainly because lurid, exag- 
verated claims made to sell the cultures 
ere substituted for scientific control in 
their production. Research at several 
xperiment stations, notably the Soil 
Bureau at the U. S. Department of Agri- 
uiture, Wisconsin and Cornell, resulted 
in the development of a technique which 
insured successtul production of depend- 
able cultures of the various legume bac- 
teria. Because of the previous exploita- 
tion by unscrupulous purveyors of 
‘‘inoculum,’’ farmers viewed with skep- 

‘ism if not suspicion the new product. 
Gradually through demonstration and 
education they were not only convinced 
f the advantages of artificial inocula- 
tion for leguminous crops but also ap- 
preciated the limits of the benefits to be 
expected under various conditions. 

At the termination of the war, the 
contributions from the United States 
showed a definite decrease, a reaction 
common to many of the wartime indus- 
tries. This decrease continued into the 
early twenties, but at the same time 
research was revived in Europe so that 
the curve of production for the entire 
world began to rise. About the period 
from 1922 to 1923 the rate of production 
climbed in all countries, but especially in 
the States. The upturn in this country 
was so precipitous that about 1928 there 


is evident a sharp peak in 

production for the United States, a peak 
that carried the curve for the 

world into dizzy heights. Thi 
pronounced inflati 


certing to one endeavoring to find law 


h 18 


and order in the growth of a literature, 
but it 
tion accounts for the 
subsequent fall. 

In all countries, a political philosophy 


is believed the following explana 


>and 


nN + . 
sensational ris 


of self-sufficiency gained varying degrees 
of support. This political ideal of abil- 
ity to provide all necessities within th 
national border 
attention on the 
agriculture depends on a 
cheap nitrogen. As an 
the 
changed environment, 


certainly focus 


would 
fact that an intensiv 
supply 

seeks 
to a 
so would the state 


organism 
to make correct response 
seek methods to furnish this requirement 
for a Under 


these circumstances impetus to research 


nationalistic existence. 


concerned with fixation of 
nitrogen by biological or artificial means 
would be expected. Another factor that 
probably contributed to the rapid devel- 


atmospheric 


opment during the twenties was the pre- 
eminent position of all natural sciences 


Scientific achievements of the war had 


so appealed to the mass mind that they 
turned hopefully to the scientists for 


the means to rescue them from the com- 
plex political, social and economical diffi- 
culties which ushered in peace. Popular 
support for all 
even in those countries whose financial 
status was precarious. Later, 
pointed with scientific leadership, the 
mood changed and scientific 
suffered deflation. 

In America the factor of 
prosperity, absent in other nations, un 
doubtedly played a réle. One result of 
this prosperity was an expansion in the 
budgets of institutions devoted to re- 
search—it is probable that many experi- 
ment stations and universities undertook 
work in fields that ordinarily would be 
*‘marginal.’’ With the onset 


research was to be had 
disap- 
programs 


economic 


classed as 
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of the depression came tightened purse- 
strings and administrative frowns on 
research concerned with production 
aspects of national economy. The effect 
on the literature curve of nitrogen fixa- 
tion by leguminous plants is unmistak- 
able; the similarity of the curve with 
that of 50 representative stocks on the 
New York exchange for the period from 
1923 to 1933 is readily apparent. 

Although the caliber of much of the 
work reported during the period of pros- 
perity must await future evaluation, the 
stimulus to production resulted in at 
least one desirable feature, viz., the 
broadening of research programs. The 
practical problems which dominated the 
war period were stressed comparatively 
less and some of the more fundamental 
aspects were attacked. These included a 
complete reinvestigation of the strain 
variation problem and of nitrogen fixa- 
tion by the bacteria apart from the host 
plant; new fields tentatively explored 
were detailed studies on the biology of 
the organism and on the biochemistry of 
the fixation process. 

As an example of the manner in which 
theoretical studies often lead to conelu- 
sions of great practical significance may 
be cited the progress of the so-called 
*‘strain variation’’ problem. About 
1920, work was started at the Wis- 
consin experiment station on a funda- 
mental study of physiological differences 
in strains of the organisms isolated from 
different plants of the same cross-inocu- 
lation group. The research eventually 
demonstrated that mere inoculation with 
organisms of the proper group did not 
insure benefit to the host plant, since 
ability of different strains to fix nitrogen 
after invasion of the plant varied widely, 
some strains being definitely parasitic on 
the plant. This fact provides added 
reason for the use of pure cultures of 
known efficiency in order to insure maxi- 
mum returns and at the same time em- 
phasizes the need for exact control in the 
distribution of artificial inoculation. 


? 


The discussion has been rest 
number of papers which may 
best measure of production. 
differences in editorial po! 
methods of publication, 
papers in various countrie 
considerably, hence the 
papers per year may be a 


terion of research capacity. 

made of the mean size of pap 
1883 ; the data showed that on t 
age 60 per cent. of the papers 
than 10 pages in length, 20 per 
from 10 to 25 pages; from 10 t 


eent. are from 25 to 50, ar 
mainder are over 50 pages 
centages did not vary consid 

a period of 50 years, although a 
derance of small papers featured 
tion during the decade fron 
1895. Since many of these 
Germany, a plot similar to Fig 
made in which the output in 1 
pages per nationality was us 
ordinate. The resulting grap! 
different from that given in Fig 
peak during the period from 
1895 was not quite so pronow 
the German dominance from 
1910 was less marked. 


THe EXTENDED POPULATION ( 

The treatment so far has be 
or less empirical description 
growth of a body of literature t 
with observations regarding 
forces which influenced the gro 
is of interest to determine whet 
not a quantitative expression 
development can be obtained 
mathematical curve that might 
pected to describe the growth w 
a representative of the logistic, « 
lation, family. These curves d 
phenomena which behave in the ! 
ing manner: (1) The rate of prod 
at a given time is proportional 
production (or change in rate of pr 
tion is proportional to the latter 
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ere is some upper limit to the rate of 28% 
production. —~ 
A priori these considerations would ‘ 
appear to apply to the development of poi 
e literature of a given research, ¢.e., CZ 
production during a given year et “— 
should be roughly proportional to the “| ess 






total produced, but a limited rate of 
production would be eventually reached. 
The first of these follows from the fact 







that the more publications which appear, 





the larger is the audience that is likely 






to become interested in the problem; 


0 





likewise the tendency to follow the 








erowd is evident, even among scientists. 


















The second condition, +.¢., the attain- pj, 1 Tue pisremuTION oF PUBLICATIONS | 
ment of a limit, takes place when the  wrrroeen rixarion By J ! 188 
field becomes saturated; new contribu- 

tors are no longer readily attracted be- Way, but that the fit leaves n 

, cause of either dearth of problems or desired. The worst departures frot 
difficulties in publication. ‘‘theory”’ occur at: (1) Following Hi 
Mathematically? these conditions are Tiegel and Wilfarth experiment; (2 
expressed : vorld war; (3) 1928-1929. The 
planation of these peaks and valleys has 

d N a | a? which integrates into been already indicated. 

ol = It appears that the subject nits 
aN , _A(A-a) gen fixation by leguminous plants is s 
dt A-at+aek# intimately connected with the business 

A—limiting rate of production of living that the research in this fie 

N—total number at time t is rather sensitive to upheavals in 

semmrant repreenting production at $= political and economical world. 1 

: subject-matter is so closely intertwined 





with the larger problem of p1 


that support of research at a given 






Tamiya? has shown that the literature 
devoted to research on the fungi Asper- 
gulus follows quite closely a curve of period IS a Tunction orf current economic 


this type. uhintiiteiniiantaetins = 







The data of Fig. 1 were replotted and 
by trial and error the constants evalu- 
ated for the arbitrary origin t equals 0 
at 1860 and q equals unity. Since even 
a casual inspection shows that in no 
case will the fit of the points be close to 
a smooth logistic curve, no attempt was 
made to secure the ‘‘best’’ curve in the 
least square sense. The population 
curve that appears to best fit the data is 
shown in Fig. 2. It is apparent from a 
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study of this figure that the points fol- soe 
low the indicated curve in a general . . , 
Fic. 2. GROWTH CURVE OF THE LITERA 0? 


2 Botanical Magazine, 45: No. 530, 1931. NITROGEN FIXATION BY LEGUMINOUS 1 
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or political theories as well as the ‘‘natu- 
ral’’ inclination of a given scientist to 
work in this field. In the theoretical 
development of the equation it was pos- 
tulated that this inclination was condi- 
tioned only by magnitude of previous 
work and by proximity to the ultimate 
limit. 
position of external on the internal fac- 
tors governing development, the growth 
appears to be more lawless than is really 
the case. 

On the other hand, the literature of 
research with Aspergillus, an organism 
used mainly in physiological and ana- 
tomical studies, reflects academic interest 
primarily and is much less responsive to 
affairs of the world outside the labora- 
tory. In such a case the fit of the ob- 
served with the ‘‘theoretical’’ might be 
fairly close, as was actually found. 

Another influence which 
occasional departures from the smooth 
in the ease of the literature of 
nitrogen fixation is the ability of certain 
leaders to stimulate research. Attention 
has been called to Hellriegel and Wil- 
farth in Germany and to Atwater and 
later Moore in the United States. In 
recent years Virtanen of Finland has 
done much to accelerate the research in 
eastern Europe, with the result that the 


Because of the effect of superim- 


has caused 


curve 
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work of Others has become an appr 
able part of the total. However, ; \ 
impetus given to research in the U; 
of Socialist Soviet Republics sinc 
revolution, a political event, has als 
been a factor in increasing the outp 
the unclassified nations. 

In conclusion, it appears fro: 
**smoothed’’ data that the research st IN 
dent of the future can look forwar 
an annual production of approxin 
100 publications a year in this { 
This limit of production seems like}; 
occur about 1965 to 1970. 
total number of pages to be mast 
each year will be from 1,500 to 1, 
before the harassed student may lo 
relief from an 


Likewise. 1 


ever-increasing an) 


load. 
It is highly desirable to apply proper — 
correction factors to the foregoing est . 


mates in order to for 
apparent powerful influences on t! 
search exerted by wars, 
revolutions and individual 
Until the effect of the external envir 
ment can be mathematically express: 
in our equation of growth, at least as 
first approximation, predictions bas 
on a theoretical curve may or may 1 
be more reliable than those found i 
daily racing form. 


compensate 


depress 


leaders 








WILLIAM HENRY WELCH, SCIENTIST AND 


HUMANIST 


Is By Dr. DAVID RIESMAN 


PROFESSOR OF THE HISTORY OF MEDICINE, UNIVERSITY OF PENNSYLVANIA 


In my life as a doctor I have met 

ree men and only three who exercised 
a personal influence of such magnitude 
that they dominated the medicine of 

These three men were Osler, 

Billings and Welch. Differing in mental 

ndowment and in ancestral background, 

wh had a personality that separated 
him from his fellow men. Osler typified 
what is still comparatively rare in Amer- 
iea. the scholar in medicine. To him is 
argely due the growing interest in the 
manities among medical men, although 
that is not his only claim to fame. He 
pointed out in his writings and in his 
teaching the value as well as the charm 

f clinical or bedside study. Through- 
ut the land his younger contemporaries 
and his suecessors have striven to emu- 
late him as a teacher, to be second Oslers. 
Frank Billings was not a profound 
scholar. The humanities attracted him 
but little. With the magnificent frame 
of a pioneer in a pioneer region he had 
time mainly for the practical things of 
life and left the ornamental to others. 
Forthright, clear-thinking, generous, a 
first-rate doctor and far-visioned edu- 
eator and organizer, he acquired an ex- 
traordinary influence through the length 
and breadth of the land. His direct per- 
sonal influence on the host of young men 
who came within the range of his person- 
ality made devoted disciples of them. 
They became Billings men, keen clini- 
cians, able diagnosticians and safe coun- 
selors in the erises of life. 

Welch did not come from a raw and 
sparsely settled country, like Osler, nor 
from the striving and restless Middle 
West, like Billings; he was the prod- 
uct of the best stock in an old and long- 


their time. 








settled community, a stock that has im 
pressed itself upon our 
Other. In the little town of Norf 

Connecticut, and in the immediate neigh- 


borhood the Welches had lived for gen 


nation as no 


erations, mainly fol 
of medicine. He himself was the tenth 
Dr. Welch in the family. His father, 
William Wickham Welch, a _ beloved 
practitioner, was to the old ei 
Norfolk the most 
Welch line. 
erected a 
legend, ‘‘Fons sum solati, 


lowing the profession 


tizens of 
the entire 
To him his son William 
fountain 


famous of 
with the beautiful 
talis et 
fuit—I am the Fountain of C: 
He was Himself.’’ 
eestry, in which culture and self-assur 


ipse 
ymtort as 
From such an an 


ance had been at home for generations, 
Welch inherited the personal dignity 
and the charm of bearing that were his 
He was at hi 
any circle—the great men of capital and 


striking possession. yme in 
business, statesmen, the highest military 
officers, even Presidents were proud to 
be his friends. His figure was not a 
commanding one—he was short, stocky, 
thick-necked and obese; nevertheless, he 
was the focal point in any gathering, 
medical or nonmedical. 

Welch had the gift of friendship in a 
rare degree. kindly, tol- 
erant, not given to sarcasm, free from 
the superiority complex, to which more 
than any one else he was entitled, he had 
no enemies. In some men that might sig- 
nify a weak character, one unwilling to 
assert itself. That was not 
Welch. At scientific meetings he never 
hesitated to criticize a speaker with 
whom he did not agree, but he always 
did it with such fine tact, with such good 
nature that he did not make an enemy 


Courteous, 


true of 








Ono 


awe 


of the man he eriticized. At the banquet 
given in his honor in 1910, Councilman 
said, ‘‘Has any man ever heard Welch 
speak ill of his neighbor?’’ 

Welch was born in 1850 and was sent 
to Yale College at the early age of six- 
teen. At that time the classies still domi- 
nated education, so that, together with 
the sciences, he acquired a knowledge of 
Latin and Greek which he increased by 
teaching these languages for a year after 
graduation. It can perhaps not be 
proved, but personally I feel that the 
type of education he received—largely 
humanistic—made it possible for him to 
become the all-round that he 
was. I am not reconciled, and I doubt 
whether Welch was reconciled, to the 
elimination of the dead lan- 
guages from the college curriculum. In 
truth, they are not really dead, for they 
are still the sources of the language of 
To Welch Latin and Greek were 
They 


scholar 


so-called 


science. 


more than two more languages. 


were the key to two more civilizations. 
It is, 
give them the main place in the college 


I agree, no longer necessary to 


eurriculum. Even so sturdy a defender 
of Greek as DuBois Reymond, after hav- 
ing first pleaded for Greek as a require- 
ment for a medical education, late in life 
eried out, ‘‘more conic sections and less 
Greek.’’ 

After teaching Latin and Greek for a 
year Welch entered the College of Phy- 
sicians and Surgeons in New York City. 
With prophetic vision he soon saw the 
value and need of chemistry, and this 
induced him to return to New Haven for 
advanced studies in that and kindred 
fields. He took courses both in the Shef- 
field Scientific School and in the Yale 
Medical School and was greatly stimu- 
lated by Professor Oscar Allen and by 
George Frederick Barker, afterwards 
professor of physics in the University of 
Pennsylvania. Welch became deeply in- 
terested in the new chemical theories 
propounded by Kekulé, the originator 
of the benzol ring concept of organic 
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compounds. 

mastered the 
original German. 
important studies Welch in 
entered the College of 
Surgeons, where the course 


Within a year 
exciting theories 
On complet 


Physic 


tion had recently been ext 
two terms of four months eac 
terms of five months each. Thr 
influence of Francis Delafield, 
founders of pathology in this 
Welch began even as an unde: 
to make autopsies at Bellevue H 
and to study morbid changes 
microscope. He had 
Prize, a Varick microscope, 
report of the clinical and d 
tures of Seguin, famous profess 
His graduation 
goiter not only won for him 
prize, but also in its preparati 
him the use and value of mé 
liography. 

Six months before graduatior 


won tf 


vous diseases. 


11 
was already acting as intern in B 
Hospital. Here he came in cont: 
a brilliant group of men such as | 
Delafield, E. G. Janeway and Al! 
Jacobi. A number of others als 
enced him at this formative p 
Charles McBurney, Alonzo Clark 
tin Flint and Alfred 
end of a year and a half’s inter 
Welch, accompanied by his 
Frederick S. Dennis, set sail for Eu 
For him and for American mé 
this proved to be a momentous 
The Civil War had interrupted 
gration to Europe, which in the « 
deeades of the century had take 
of the best men to Lond 
Edinburgh. Germany was just 
ning the wonderful work in medici 
chemistry, in biology that event 
made her the Mecca for eager |! 
from all parts of the world, a posi! 
she lost with other intangible things 
the result of the great war. Strass 
which the Germans had raised to a 
versity of highest rank, was W‘: 


Loomis 


Paris, 
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fect Here he worked 
vith Waldeyer in histology, with Hoppe- 
Seyler and Baumaun in biochemistry, 
" ally a new science at that time, and 
von Recklinghausen in pathology. 
After a short stay at Strassburg he went 
Leipzig, where he found many other 
eners in the famous physiological 
.boratory of Carl Ludwig. Magendie, 
arles Bell, Johannes Miiller, Claude 
Bernard in the earlier part of the cen- 
turv had blazed the way that was now 
ng followed with brilliant results in 
Helmholtz, by DuBois 
ymond and by Ludwig. Welch dis- 
issed with Ludwig the advisability of 
rking with the mighty Virchow,’ but 


st pping place. 


vsiology by 


idwig, who was not completely won 
r to the cell-doctrine, suggested that 
‘elch instead go to the youthful Julius 
nheim in Breslau, which was a happy 
ee and proved of decided importance 
Welch’s future. As shall 
ter, it was Cohnheim’s recommendation 
at largely influenced President Gil- 
an of Johns Hopkins University to 


we 


see 


fer the chair of pathology in the new 
dical school to Welch. 

Cohnheim’s laboratory Welch was 
associated with Karl Weigert, to whom 
many important 
including valuable methods of 
staining tissue elements in preparation 

r microscopic study. Others in Cohn- 
heim’s remarkable institute Ehr- 
Neisser and Salomonson. 
The atmosphere was electric. Every one 
was pursuing some individual problem 
assigned to him by the master. That of 
Welch was the ascertaining of the causes 

acute general edema of the lungs. 
The result appeared in an essay that is 
still a classic; it was written by Welch 
in German and printed in Virchow’s 
Archiv essentially as Welch had pre- 
pared it. A number of years ago I had 

1 Nevertheless, Welch’s admiration for Vir- 
chow was unlimited. He recognized in him the 
pioneer, the master—il maestro di color 


sanno—and put him on a pedestal with Vesalius 
and Harvey. 


thology owes dis- 


veries, 


were 
ich, Lassar, 


che 
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oceasion to read this article At 
time I thought that some one had trans 
lated it from Welch’s Eneli 

German. It did n 

not a native 


any one 


with the German 
en it in the vernacu 
Summer vacations 


used by Welch for wa 


ing 


writt 


one short | lai 
miles in Switzerland 
ercise for a man ine] 
gouty. 

While at 
orable experience 


Bresla 


his subsequent caré 
when Robert K 
heim his bacteri 
consisted at that 
and growing micr 
still five years before t 
tuberele bacillus. 

On W ele} went 


to visit Edwin Klebs, w 


Cohnheim’s advice 
to Prague 
was then engaged in his 
on acute endocarditis 
From Prague he 

He was disappointed in 
ties he found there 


had in 
Nevertheless, his Stay 


view, the 


He ent 


cCuitural activ 


of 1877 proved invaluable. 
with zest into the 
the 
Austrian capital, the gayest then, as 
After the winter 


“1 to 


continue his studies wit 


into musie and art life 


is the saddest now. 


Vienna he return Strassburg 
h von Reck 


hausen, who was one of the leadin 


representatives of the Virchow sc] 
pathologists. As a suitable Arbeit 
assigned to Welch 


{ 
? 


Recklinghausen 
study of the inflammation of the 
cornea, induced by various caustic chem 
ical agents. This study was intended 
to determine the origin 
a question which at the time, the late 


of the pus cells, 


70’s, was the cause of intense and bitter 
the Virchow 
Was the 


controversy between and 


the Cohnheim schools. pus cell 





254 THE SCIENTIFIC MONTHLY 


an emigrated leukocyte of the blood, as 
Cohnheim contended, or was it the prod- 
uct of the multiplication of the fixed 
tissue cells? Although Welch’s experi- 
ments seemed to favor the latter, or Vir- 
chow theory, he was not willing to draw 
any far-reaching conclusions on the basis 
of his own researches. Indeed, it re- 
quired many years of further observa- 
tion and experimentation before the 
final proof was brought that connective 
tissue cells under the influence of chem- 
ical stimulants become motile and multi- 
ply so as to surround and to invade the 
chemically altered area. 

His work at Strassburg being com- 
pleted, Welch spent a few delightful 
days in Paris and then paid a second 
visit to London. Here he found the 
medical world in a fever of excitement 
over Joseph Lister’s bold surgical ex- 
ploit of opening the knee joint. We of 
to-day can hardly understand this ex- 
citement, unless we remember that anti- 
sepsis was still in its infancy. 

His Wanderjahre being ended, Welch 
was ready to turn his steps homeward. 
He had studied under some of the best 
masters in the world. The phrase that 
I have just used is rarely heard in this 
country. We would say a man went to 
Pennsylvania or Harvard, to Yale, to 
Johns Hopkins, but in Germany a man 
studied under this or that professor. 
The distinction is significant. When our 
universities become real universities in 
fact as well as in name, then a man will 
study under such and such a master 
rather than at such and such a place. 

Welch was back in New York in the 
spring of 1878, trying to see whether 
any one prepared as he was could find 
work in that great city. As he needed 
to earn a livelihood he was for a time 
undecided whether to stay in New York 
or whether to join his aging father in 
the practice of medicine at Norfolk. At 
that critical moment he fortunately fell 
in with Dr. Golthwaite, a well-known 


quiz master. The quiz was, as 
long afterwards put it, a life-say. 
he abandoned the work after thr 
because he felt that it injured 
students and himself. The identi 
clusion was reached by many 
Philadelphia who as students 
teachers had experience with 
system. 

During this probationary p 
New York a little practice can 
from his old teacher Alonzo C] 
it did not divert him from his n 
jective, the study and teaching 
thology. His Alma Mater offer 
a lectureship in pathology, but 
not provide a laboratory he w 
heartache accepted the offer of 
school, Bellevue Hospital Med 
lege, where three small rooms 
purposes of a laboratory were ass 
to him. This constitutes in a s 
historic event, for it was the first 
nition in this country of pat! 
an independent discipline. Soon 
ever, the College of Physicians 
Surgeons realized the need of a si) 
chair and offered it to Welch. H 
clined, feeling that he could not 


his friends at Bellevue and suggest 


T. Mitchell Prudden for the 
With the latter’s prompt appoint: 
pathology was definitely establis! 
a branch of medical education ¢ 
in importance with anatomy and | 


ology. To Virchow belongs the credit 


having done this originally, for 


7 
} 


he who raised pathology to a defi 


science. 

Welch’s work in New York in 
ing and investigation soon attract 
tention. One day a man came int 
room while Welch was lecturing 
syphilis and without making hin 
known remained throughout the 


ing period. The visit had moment 


consequences, for the silent visitor, J 
S. Billings, had come to select a n 
fill the chair of pathology at the 
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spital and the contemplated medical 
sehool in Baltimore. President Gilman, 
ne of the greatest educators in the his- 
tory of this country and one of the best 
indges of human nature, planned to 
create a medical school on new prin- 
iples. Welch, recommended not only 
by Billings but also by the influential 
Julius Cohnheim, received the first ap- 
nointment to the faculty. In that man- 
ner a pathologist became the head and 
real founder of the Johns Hopkins Med- 
al School. Realizing the growing im- 
portance of bacteriology and his own 
need of knowing it in order to fit him- 
self for his new position, Welch re- 
turned to Germany in the summer of 
1884. After a year of intensive study 
he eame back thoroughly at home in the 
newer bacteriologic methods of Robert 
Koch. He began his work at Johns 
Hopkins Hospital in 1885, several years 
before the medical school was opened. 
His energy and magnetism drew to him 
a group of men whose names are now 
household words, Councilman, Abbott, 
Nuttall, Halsted and later Flexner, 
Barker, Mall and MacCallum. 

In the choice of the major faculty 
f the Johns Hopkins Medical School 
Welch paramount influ- 
ence, him that Hal- 
New York and 
Philadelphia. 


exercised a 
It was through 
sted was called from 
Osler and Kelly from 
What that remarkable quartet meant 
for medicine in America I need not 
Its influence continues to this 
day after all but one of the four have 
died. 

Welch was the dominant figure in the 
new medical and rapidly ex- 
tended its reputation far beyond the 
confines of Baltimore. Everywhere, in 
all medical schools, Welch’s personality 
began to be felt. His influence upon 
medical education was manifold and in 
its totality was unquestionably greater 
than that of any other man in the his- 
tory of this country. It is not easy to 


discuss. 


school 


analyze it, for it was all-pervading 
touched on many fields. One outstan 
ing phase was the making of patho! 

a required fundamental branch in m 
ical teaching. It was natural that in 
such an undertaking he should empha 
size the value of the laboratory. As a 
result of this emphasis practically ever) 
medical school of importance and even 
many hospitals established pathological 
laboratories. Some were for research as 
What this meant for the progress 
of medical science in this country can 
not 


Germany, the spirit of research was but 


well. 


be over-estimated. Compared with 
poorly developed in this country when 
Welch established his laboratory in Bal- 
He attracted to himself a group 
of eager who 

rapidly in that 
ealled upon to fill chairs in other 
In that way Welch’s influ 
the length and 
Councilman went 


timore.* 


young men advanced ) 


they wer 
1: 


meal 


reputation 


eal schools. 
ence reached out over 
breadth of the land. 
to Harvard, Flexner to 
Lafleur to Montreal 
One for 
influence was that he 
one else of his 
trend of medical education. With un- 
paralleled vision, he sensed instinctively 


Penns) 


ble 


Welch’s remarka 
better than 


reason 
any 
aware of the 


time was 


the direction in which medicine ought 
to go in order to progress, and thus it 
was that in time he became general edu- 
medical schools 


cational consultant to 


which rarely adopted a new idea or filled 
professorial chairs without seeking his 
advice. Welch was the foremost cham- 
pion in the medical profession of the 
so-called full-time 

may differ about the 
full-time clinical chairs, at least on 


teaching 


system of 


One wisdom of 


the 
plan originally conceived, but it can not 
be denied that the academic type of med- 
ical teaching is rapidly extending. 

2A distinguished professor of physi 


a German university once said to Welch, ‘‘ 


America does wake up.to the 


things (medical 


aoe . 
1OOF to its laure! 
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In line with Welch’s work for medical 
education were his efforts in promoting 
the founding of great research insti- 
tutions, in particular the Rockefeller 
Foundation and the Rockefeller Insti- 
tute, whose benefactions very nearly 
reconcile one to the accumulations of 
great wealth in single hands. 

A large share of credit must also be 
given to him for the phenomenal physical 
improvement in medical schools, which 
until the early nineties for the most part 
were but poorly equipped. In 1890-91 
there were only five endowed chairs in 
medical colleges and not a single one of 
these south or west of Philadelphia. On 
the other hand, there were 171 endowed 
chairs of theology, many of these being 
in the West and South. In 1892 the 
productive funds in the hands of the 
medical schools were $611,214, for theo- 
logical schools $17,599,979. While it 
would be an exaggeration to say that 
the reversal of this relationship now ob- 
taining was chiefly due to Welch, his 
powerful far-flung influence was always 
exercised in the direction of the physical 
and pedagogic improvement of medical 
schools. 

As commissioner of health of Mary- 
land, a position he held for many years, 
Welch set a standard for similar officials 
in other states; indeed, in all great 
events of national and state action for 
public health Welch was the man to 
whom every one turned for advice both 
in formulating plans and in selecting 
personnel. He laid down the lines of 
action in the great campaign against 
tuberculosis in this country, and they 
have been followed throughout the 
world. 

Upon Philadelphia medicine Welch’s 
influence was far greater than is gener- 
ally known. The Phipps Institute, to 
whose board of trustees he belonged 
from the beginning, depended upon him 
for wise counsel and stimulus. He was 
consulted upon faculty appointments in 


the medical schools and upon othe: 
ters of educational policy. At the 
ing of the William Pepper Clinica 
oratory Welch delivered the pr 
address, which was a masterpiece 
torical study of the origin and 
of laboratories. 

When Welch reached the age of 
resigned his professorship of | 
ology at Johns Hopkins University 
however, to seek the oftuwm cum d 


to which he was so well entitled: 


contrary, he took upon himself 

rectorship of the School of Hygie 
Publie Health, a position he filled 
undiminished ability for ten years 


the ripe age of 76 his friends may 
expected that he would decide t 
but Welch was not the man to rust 
Instead of seeking a life of leisw 
began a work which in the futur 
prove almost as significant for Am 
medicine as anything he did in 
Supported by generous benefact 
created out of nothing an Instit 
Medical History and the wonder! 
brary bearing his name. After 
appointed to the new position he 
two years abroad gathering rare 
in all parts of Europe. His unequ 
bibliographic knowledge made it 
sible for him to collect a signif 
library such as was never collect: 
fore in so short a time. The inst 
modeled after the famous Leipzig 
stitute of Professor Sudhoff, is dest 
under Welch’s successor, Dr. Henry E 
Sigerist, to play an important rol 
the cultural life of America. 

The appointment of Welch to 
rectorship of the Institute of Med 
History was not a mere gesture 
deserving man but a proper tribut 
one who knew the history of medici 
as well as any man in the field. Wil 
Osler once said, adding to a phras 
Oliver Wendell Holmes, ‘‘In additi 
to a three-story intellect Welch has 
attic on top.’’ In that attic was stor 
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a vast amount of cultural knowledge. 
And what was as remarkable as the con- 
tents of his multi-storied brain was the 
fact that on the spur of the moment he 
could call upon his memory for details 
that often gave the impression of care- 
ful, lengthy preparation. His memory 
was truly colossal. He could lecture for 
an hour or more on historical subjects 
without making a mistake in dates or 
sequence. I heard him give the first 
William Wood Gerhard address before 
the Pathological Society of Philadelphia. 
It was, appropriately to the occasion, on 
the history of typhoid fever. Without 
notes he began at the beginning, went 
through the early nineteenth century to 
Gerhard and then down to modern times 
without an error and without halting 
for a word. It was a phenomenal per- 
formance that no one present can ever 
forget. 

When Welch 


reached his eightieth 


birthday a celebration of truly cosmic 
proportions took place. 


In Washington 
President Hoover attended, and speak- 
ing to the 1,600 assembled guests he 
called Dr. Welch ‘‘our greatest states- 
man in the field of public health.’ 
Nearly all large cities of the world held 
simultaneous celebrations. Welch’s ad- 
dress on this occasion was a model of 
modesty and charm. One of the speak- 
ers said, ‘‘Dr. Welch waded knee-deep 
in honors unsought and aroused no 
shadow of envy or enmity on the way.’’ 
To the truth of this all who knew Welch 
personally can testify. No man in medi- 


cine was ever so deep in the hearts 
his contemporaries. 

Welch’s enormous influence upon his 
generation, indeed upon two 
tions, was due to a combination of gifts. 
First and that of 
health, with its accompaniment of zeal 
and the 
curiosity that was not satiated by 


genera- 


foremost was rood 


vigor, and second curiosity ; 
the 
triumphs of medicine but extended to 


His in- 


in the intangible things that we 


literature, to art and to music. 
terest 
eall the humanities kept pace with his 
scientific interest. With the scholarship 
of an Erasmus, the integrity and toler 
ance of a Contarini, the scientific zeal of 
a Virchow, we may, I believe, call him 
the finest exponent of humanism in the 
history of medicine. 

Dr. Welch left no children in the flesh, 
a disappointment to the eugenist, but no 
man in the history of American medicine 
has left a larger number of spiritual off- 
spring, a form of immortality, beyond 
theology and dogma, reserved only for 
the greatest of men. 

If now, in conclusion, we place Wil- 
liam H. Welch mental 
to see why he had such a colossal influ 


before our eve 
ence upon men and events, we find that 
he was an all-around personality—not 
only 
only a historian, not only an educator, 
not only a scholar in literature and lan- 
guages—he was all these at one and the 
same time. 

Nature unfortunately is parsimonious 
in such men. 


a doctor, not only a scientist, not 
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In times of severe economic stresses 
and social tensions, the laboratory sci- 
entist has often disclaimed responsibility 
for these difficulties. He denies that his 
discoveries and inventions have pro- 
duced any net increase in cultural mal- 
adjustments or, admitting that malad- 
justment has followed from application 
of his research, contends that inadequate 
social, economic and political leadership 
are at fault. Neither alibi survives the 
critical analysis given by Baldwin in a 
recent issue of THE ScIENTIFIC MONTHLY 
of the causes of technological unemploy- 
ment. Natural scientists tend to mini- 
mize the complexity of social changes 
and consequently have a limited concep- 
tion of the less immediate results of their 
Per- 


contributions to human knowledge. 
haps it would be a wholesome experience 
for every researcher to take time and 
thought to judge the welfare value of 
applications of the discoveries in his 


field. Such a belief has led to the fol- 
lowing attempt to evaluate modern food 
processing. 

It is neither necessary for us to wait 
upon years of experimentation nor to 
collect more records of the consequences 
of dietary habits to trace or predict some 
results of any dietary change with con- 
siderable accuracy. Almost within the 
bounds of this century, bacteriology, 
physiology and biochemistry have placed 
in the hands of the nutritionist exact and 
objective standards for judging the wel- 
fare value of foods. To evaluate any 
form of processing he has but to ask the 
following five questions, knowing that 
techniques for their answer lie at hand: 


(1) Has an alteration in the nutritive value 
of the food been such that its use is not 
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likely to render the average diet less y 
balanced ? 

Has the product been altered significant), 
in digestibility ? 
Is it equal to other forms of the same 
foods or similar foods in palatab 

Is it wholesome, that is, free from har: 
ful organisms and substances? 

Is it economical in terms of money, lal 
fuel requirements and equivalent \ 

in other forms? 


Rating by such standards does not 
condemn all food processing. Scientific 
evaluations do not compel nutritionists 
to join the raw or the natural food evan- 
gelists. There is no sound reason for as- 
suming that any combination of natural 
food materials, raw or cooked, will pro- 
duce the best possible nutrition of any 
group of individuals under all environ- 
mental conditions. The only food de- 
signed solely for that purpose is milk, 
and it is now known that even the human 
product does not exclusively meet the in- 
fant’s requirements for but a small frae- 
tion of the nursing period. In northern 
climates it must early be supplemented 
by such an ‘‘unnatural’’ addition as cod- 
liver oil if bone development is to pro- 
ceed normally. No matter how teleolog- 
ical one may be in his attitude toward 
nature, nor how impressed he is by racial 
customs which seem to have had survival 
value, he must admit that nature’s cri- 
terion of either survival or welfare is 
hardly acceptable to the modern human 
as an individual. Her chief concern is 
with racial continuity. Instead of being 
content with physical and mental vigor 
that suffice to meet biological needs and 
that persist through the reproductive 
period and such additional years as are 
of survival value to the children, indi- 
vidual man strives for more years of life 





FOOD PROCESSING AND HUMAN WELFARE 


and extension of vitality for their en- 
joyment. 
‘The golden age of human nutritional 
welfare, then, is not to be sought in the 
past, when foods were more or less un- 
altered plant and animal materials. It 
lies in the future, when man shall have 
learned to alter this part of his environ- 
ment to attain as nearly as possible op- 
timum health and vitality in any part 
of the earth he chooses to inhabit. 
Furthermore, there is no validity in 
the assumption that household food 
processing is essentially superior to fac- 
tory food processing. The nutritionist 
does not believe that dietetic welfare can 
be improved only by reinstatement of 
the domestic kitchen as woman’s proper 
sphere, whether this is brought about by 
the coercion of a Mussolini or a Hitler, 
or by the persuasion of a Borsodi. Sci- 


entifie large-scale techniques may be 
expected to improve nutritive quality, 
digestibility, sanitary quality and even 
palatability of our food, and result in 


much saving of household labor at a 
comparatively low cost. The employ- 
ment of expert technicians, appropriate 
machines and controlled conditions 
might produce foods of such uniformly 
high quality when judged by all stand- 
ards that the average household would 
find it neither desirable nor possible to 
compete in much of the actual process- 
ing. 

In fact, even as it exists to-day, com- 
mercial food processing must be given 
much eredit for human welfare. With- 
out such processes as cold storage, pas- 
teurization and evaporation it would 
perhaps be impossible to insure as much 
as the present inadequate consumption 
of milk for the population as a whole. 
If one food were to be selected for 
greatest contribution to maintenance of 
nutrition at as high a level during the 
depression as has been possible, probably 
nutritionists would agree that the honor 
should be given to evaporated milk. The 
equivalent of fresh milk in all reliable 
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essentials, more certain to be wholesome 
than average fresh milk, its substitution 
for the latter in adequate dietaries at 
minimum cost cuts the grocery bill for 
an average family $5.00 per month. 
The re-enforcement of factory-made ice 
cream, cheese and bread with added milk 
solids in the form of skim milk powder 
is a practice which salvages important 
and often inadequately supplied essen- 
tials of human nutrition that should be 
duplicated in the household as soon as 
the skim milk powder becomes available 
in retail units. Modern 
been rated by some as the greatest of 
scientific discoveries. Certainly commer- 
cial canning of fruits and vegetables 
gives products which, although they may 
not rival the fresh in palatability, in- 
crease the chance that the 
dietary will be properly balanced at all 
seasons. We have had a few examples of 
the commercial manufacture of scientifi- 
cally supplemented foods, for example, 
iodized salt, irradiated cereals and milk, 
which have been or may be rapidly 
adopted by large numbers with improve- 
ment in nutritional status. Such a list 
is by no means complete but is sufficient 
to demonstrate that, as it the 
food-manufacturing industry must be 
given credit for some contributions to 
nutritional welfare. 

Furthermore, commercial food proc- 
essing has already created much leisure 
for the housewife—and the average 
home-keeping woman still works more 
hours per week than her dinner-pail- 
carrying husband. Feeding the family 
requires more time than any other single 
household function, from 3} to 3} hours 
per day in rural districts, somewhat less 
in towns. The conspicuous waste of 
leisure by some housewives in socially 
useless activities should not blind us to 
the value of time freed from the mechan- 
ics of housekeeping by the modern food 
factory when it is employed in more 
eareful child training, in enriching the 
social life of the family and in socially 


canning has 


average 


exists, 
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constructive community activities, as 
well as in creating a more satisfying 
personal life for the housewife herself. 

The removal of much food preparation 
from the household has undoubtedly 
made contributions to social welfare and 
personal satisfaction, though there may 
be some question as to whether the bal- 
ancing of benefits against deficits would 
show a net gain. As organized at pres- 
ent, the critical proponent of consumer 
welfare might bring two general indict- 
ments against the food industries. 

In the first place, the manufacturer is 
primarily unconcerned with the effect of 
his product on welfare. This may result 
in nothing more pernicious than the 
wasteful devotion of a share of our 
eapacity for production to goods which 
represent no advantage over unelabo- 
rated staples, but whenever welfare con- 
flicts with profit-making, the former is 
generally sacrificed to the extent per- 
mitted by our limited protective legisla- 
tion. As a consequence we have promo- 
tion of the unlimited consumption of 
refined foods like milled cereals and 
sugar which has caused their consump- 
tion to be overstimulated. We have 
products, such as tomato juice cocktails, 
which experiments in the writer’s labo- 
ratory have shown to be unreliable 
sources of vitamin C, being purchased 
by the uninformed if not deliberately 
deceived consumer as worthy rivals of 
the more certainly antisecorbutic plain 
tomato juice. We have the patenting of 
a new bread improver which absorbs 200 
per cent. of water and can be used in 
amounts to produce 15 more loaves of 
bread per barrel of flour. 

On top of numberless such individual 
perversions of the true function of pro- 
duction, welfare in consumption, con- 
sumers are faced with organized pres- 
sures against such mild restrictions in 
their favor as the recently proposed re- 
vision of the Federal Food and Drugs 
Law and the code for canners to require 
a statement of quality grades on labels. 
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To date such opposition has been ef 
tive, probably because we hay 

strongly developed consumer conse; 
ness in this country. 

The second general indictment agains; 
the food-manufacturing industries js ; 
charge that they exact excessive 
neration for the services they perfor 
In the first place, the manufacturer 
processor is in a strategic position jy 
regard to  price-making. Depending 
upon the degree of monopoly that 
possesses and upon other factors. 
more or less decides not only what 
will pay the farmer for raw mate: 
but what the consumer shall pay 
product. The depression has enabled 
him to utilize this power to his great 
vantage. In spite of efforts of the Agri 
cultural Adjustment Administrati 
restore what seems to many a n 
equitable balance between farm 
and prices to consumers, processors ; 
distributors are to-day receiving 62¢ 
the consumers’ food dollar, as compared 
with 53¢ in 1929. Pasteurization 
distribution make the fluid milk suppl) 
an example of an industry so manipu 
lated that since the war ruinousl) 
prices to farmers have been paralleled 
by relatively slightly changed prices t 
consumers. In going through the ha 
of the manufacturer the average 
has its money value increased 50 
cent. It is the welfare value of 
amount that we are concerned with 
this discussion. 

In the second place, the food indus 
tries have not been free from the inflated 
salaries and dividends which have char 
acterized large-scale production under 
our present economic system. The inte! 
ested reader may turn to the article in 
the October, 1934, issue of Fortun 
an account of General Foods which ver! 
fies this statement and shows how eco! 
mies of large-scale machine productio! 
and distribution tend to be dissipated 
before they reach the ultimate co! 
sumer. 
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In addition, the food processor may be 
aceused of levying too heavy a charge 
upon consumers by supporting costly 
practices which offer slight or no advan- 
tage in consumption. In 1932, a Senate 
.ommittee found branded goods in pack- 
ages selling for 60 per cent. more than 
similar products in bulk. Brands are 
multiplied until retailer and consumer 
are bewildered. By a recent estimate we 
had 10,000 brands of wheat flour, 4,500 
f canned corn, 1,000 of canned salmon, 
ete. and in a single city the housewife 
must choose from 87 breakfast foods, 46 
flours, 93 packaged butters, 101 packaged 
teas, ete. Not only is it true that in most 
eases 4 or 5 quality grades are all that 
are necessary to meet needs, but individ- 
ual brands have been shown to be of 
little reliability in identifying uniform- 
ity of quality, and consequently do little 
more than confuse the buyer. 

Excessive elaboration is another prac- 
tice increasing costs to consumers. The 
modern breakfast food has been aptly 
deseribed as a pasteboard box of air and 
advertising wrapped in Cellophane. 
The consumer may be intrigued by the 
drama of having his morning cereal 
“shot from guns,’’ but at present prices 
this treatment multiplies its cost about 
35 times. 

Finally, in advertising we have a fac- 
tor inereasing the cost of processed foods 
out of all proportion to benefits received 
by the consumer. General Foods, a cor- 
poration distributing a group of well- 
known processsed foods, is said to ex- 
pend 10 per cent. of its gross sales in 
advertising. In 1933, this one corpora- 
tion paid over a million dollars to the 
publishers of three popular magazines. 
The trade name of Jell-o was deemed 
worth $35,000,000 by them in 1933, and 
their judgment seems to be justified by 
the fact that this product maintains a 
position on the shelves of chain stores 
adjacent to their unadvertised similar 
product, though the former is held at a 
50 per cent. higher price. 
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In fact, in advertising it has been said 
that we have a union of the irresponsible 
industrialists’ grasp for profits with a 
force that not only levies an exo 
charge upon the but, as 
Rorty points out, perverts the integrity 
of the editor-reader 
essential to a democracy, in all our popu 
Mass advertising makes 


shitan?+ 
roitant 


consumer, 


relationship, so 


lar periodicals. 
possible the 5-cent national weeklies and 


the 10- to 35-cent national monthlies 
with large 
policies dictated by the advertisers. T 
writer knows of not one that defended 
the lately proposed food and drugs leg 
islation which asked for simple truth in 
advertising. 

Whether or not the natural scient 
denies responsibility for the use made of 


circulations and edit 


his discoveries, as a member of society 
he can not 
Controlled reformation of our e 

order to insure the more complete 
zation of the 

prove the welfare of all is admittedly a 


escape the consequences. 


results of science to im- 


very complex problem. Perhaps he is 


unequipped to make important contribu- 
tions to its solution. However, both as 
a member of a vocational group claim 
ing the socially responsible rank of a 
profession and as a citizen possessed of 
a minimum degree of civie consciousness, 
he must be critically interested in sug- 
gestions for such adjustments. Thus we 
proceed to proposed methods for improv- 
ing the consumers’ position in relation 
to the processing of food. 

Three lines of action have their pro- 
ponents. A first is the continuation and 
extension of the present method of enact- 
ing legislative regulation of industrial 
The 
principal weakness of this policy is the 
lag between the development of the need 
for restriction and the development of 
sufficient and 
organization to effect the pressure re- 
quired to outweigh the efficiently organ- 
ized opposition. The struggle for con- 
sumer purchasing power, whatever the 


practices to protect the consumer. 


consumer consciousness 
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cost to consumer welfare, is likely to be 
more aggressively pursued than any 
campaign for his protection. Years of 
agitation during which unremediable 
damage to health may result are often 
required, as the great need and struggle 
for the food and drugs legislation of 
1906 as well as for its revision in 1934 
bear witness. 

A contemporary trend in food process- 
ing which may have peculiarly per- 
nicious results because of the indirection 
of its effects and the lag in their recog- 
nition and control is that of improving 
the palatability of processed foods. It is 
highly significant for the consumer that 
one industrial chemical company an- 
nounces a new house organ on taste and 
odor control. The editor of the trade 


journal, Food Industries, writes: ‘‘One 
of the next constructive steps in the pro- 
duction of manufactured foods should be 
that of conferring upon factory-pre- 
pared foods an elusive something that 


can not be attained in the home. . . . No 
surer way exists for a manufacturer to 
maintain his prestige with the housewife 
than to produce better tasting foods 
than can be prepared in the kitchen at 
home.’’ This may seem a laudable ex- 
hortation to the reader, but the nutri- 
tionist is reminded of the inadequacy of 
palatability as a guide to food choices 
and of the propensity of the human race 
to follow it. In the past the failure of 
many commercial products to compete 
with those prepared in the household in 
flavor has been some measure of protec- 
tion for the consumer, retarding the 
adoption of foods which have had their 
nutritional imbalance increased during 
processing. When the chemist is em- 
ployed to create appetite appeal, most of 
us will be led where he wishes, regard- 
less of truths about composition on 
labels or in advertising. Possibilities of 
such attempts are indicated by the re- 
ported discovery of a compound which 
imparts a full butter flavor to a butter- 
less substance, though present only as 
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one part in 50 millions and ano 
which gives a meat flavor when | 
in minute quantities. 

A second method suggested to prot 
the consumer from practices of the { 
industries which are unwholeson 
uneconomic is the boycott. 
carried merely to the extent of buying 
only staple, relatively unprocessed 
rials in so far as possible and prepar’ 
them in the household, as advocated } 
Consumers’ Research, or to the extent o 
establishing almost complete inde 
dence of the food industries by ret 
to the haven of a subsistence 
urged by the Borsodis. One of t! 
ter, in two books entitled ‘‘This Ue 
Civilization’’ and ‘‘Flight from 
City,’’ describes their experiences as city 
intellectuals transplanting themselves : 
a few rural acres where they pr 
and process most of their family 
supply. They maintain that the averag 
woman can still earn more in her 
kitchen than in factory, store or of 
A certain nostalgia for the simple li 
that this is seen to represent awaken 
sympathetic if not a sentimental : 
sponse in many of us. But a return t 
this way of living, doubtfully 
even when accompanied by chea; 
power and modern labor-saving gadget 
will probably be only an emergency s 
tion for a comparative few. It 1s 
likely that the skills and hours of ! 
hold labor required for such an exist 
would remain either interesting or e! 
durable to those who have lived 
emancipation from them or to 
whose social and creative aspirations a 
not satisfied by such a revival of an agr'- 
cultural economy. 

A third response to the probl 
which science and technology hai 
brought upon man as consumer is based 
upon a belief that these agents for creat 
ing the leisure essential for the good lile 
may be controlled in the interests of a 
As Mumford points out in a magnificent 
analysis of ‘‘Technies and Civilization’ 
... “‘while technics undoubtedly owes 
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an honest debt to capitalism it was 
nevertheless unfortunate that the ma- 
chine was conditioned, at the outset, by 
the foreign institutions and took on 
characteristics that have nothing essen- 
tially to do with the technical processes 
or forms of work. Capitalism utilized 
the machine not to further social wel- 
fare, but to increase private profit.’’ He 
proceeds to reason that the full benefits 
of the machine can come only with a 
basic reorganization of our economic sys- 
tem, a rationalization of production 
directing it toward consumer needs 
rather than producer profits. Then the 
economies of large-scale machine produc- 
tion, the quality that can be secured 
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under controlled conditions by expert 
technicians, and the increased leisure 
may be more fairly shared by all. 

The execution of such a reorientation 
of production will be no simple or easy 
task. The relative merits of democratic 
consumer cooperation, socialistic govern- 
ment ownership, fascistic and proleta- 
rian dictatorship are widely debated in 
all the contemporary world. In the 
secure fastness of his laboratory the nat- 
ural scientist would perhaps seek peace- 
ful refuge from the conflict without but 
complete immunity from the pains of 
our 
whichever one deems them, is not 
to be granted. 


society’s adolescence or senility, 
151 | 
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MAKING MALARIA WORK FOR THE DOCTOR 


By Dr. NORMAN TOBIAS 
ST, LOUIS, MISSOURI 


WE have often heard of such trite ex- 
pressions as ‘‘returning good for evil’’ 
and it takes ‘‘poison to kill poison.’’ 
Such loose ideas may truly be applied to 
a disease that is feared throughout the 
world and numbers hundreds of thou- 
sands of victims yearly, namely, malaria. 
And yet through an accidental discovery 
this disease has been found to be of ines- 
timable value, as an instrument of good, 
as a medicinal measure in curing another 
condition that has caused much more 
suffering and harm, that human scourge, 
syphilis, of which there are more than 
6,000,000 cases in men, women and chil- 
dren in the United States to-day. Now 
syphilis is a many-faced disease with 
symptoms so mild in the beginning that 
many victims fail to notice them. In an 
unfortunate 10 per cent., the nervous 
system often becomes involved, causing 
mental disturbances or paresis if the 
brain is affected, locomotor ataxia, if the 
spinal cord is attacked, or partial and 
complete blindness if the optic nerves are 
implicated. 


The use of fever or, to be more explicit, 
inoculating one febrile disease to cure 
another is not a new discovery. Garrison 
in his ‘‘ History of Medicine’’ points out 
that the beneficial effects of malarial in- 
fection in epilepsy were known to Hip- 
pocrates. The ancient Greeks and 
Romans applied the principle of heat 
treatment in certain disorders by advo- 
cating the use of hot baths and mineral 
springs for many diseases, a measure 
Physicians 
many 


which persists to this day. 
often note an improvement in 
chronic disorders complicated by such 
febrile erysipelas. Down 
through the ages medical men have ob- 
served the improvement in chronic skin 
diseases following in the wake of super- 
imposed attacks of scarlet fever or other 
contagious diseases. 

These older methods of inoculating one 
disease to cure another are now being 
used again throughout the world. The 
germ of erysipelas is sometimes used to 
combat a form of cancer called sarcoma. 
Dead typhoid organisms are often in- 


diseases as 
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jected into the blood to relieve arthritis 
or other chronic diseases. Inoculating a 
syphilitic with the germs of relapsing or 
rat-bite fever as a means of provoking 
fever in overcoming serious complica- 
tions in the nervous system has been used 
in certain countries. All of which brings 
up the question: why graft one disease 
upon another serious disease and expect 
good to come of it? It is all a matter of 
recognizing fever or internal heat as a 
factor of good, as a curative agent. 

Most folks regard fever with alarm 
and take active measures to reduce or 
‘*break it’’ as soon as possible. In most 
eases this is perfectly proper, because 
fever is uncomfortable and often associ- 
ated with other symptoms. But still the 
fact remains that fever is a defensive 
mechanism on the part of the body to 
overcome destructive and foreign invad- 
ers and signifies that a battle royal is on 
to determine who shall win, the patient 
or the disease. The process of fever pro- 


duction sets up certain blood and tissue 


usually 
Serious 


reactions which destroy the 
harmful infection. infections 
with little or no fever are usually fatal, 
and medical men have come to realize 
that fever in itself is a good prognostic 
sign. These facts were recognized as far 
back as 1870, when Weigert proposed his 
law stating that ‘‘local injury or necrosis 
usually sets up a reparatory process in 
excess of requirements.’’ Or in other 
words, as Pfliiger stated in 1877, ‘‘injury 
is the incentive to the removal of 
injury.’’ 

Unfortunately, when Paul Ehrlich dis- 
eovered salvarsan in 1910 he believed 
that he had at last found a sure cure for 
syphilis, but subsequent observation has 
brought out the fact that where the dis- 
ease has been present for a long time and 
has invaded such delicate tissues as the 
liver, heart and brain very little hope of 
eure can be expected from drugs alone. 
Chemical treatment can improve the dis- 
ease to a certain level, but beyond that 
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the response is slight. So fever t; 
ment has come into the field of thera 
peutiecs as a remarkable aid in chro, 
resistant syphilis, whether acquired 
congenital, and more specially and sy 
cessfully in paresis. 

It remained for a kindly, huma 
eccentric professor in Vienna to assem 
and correlate his observations on 
effect of fever in mental diseases a: 
apply it in his daily work. That 
was Julius Wagner-Jauregg. This o 
observer, who recently celebrated 
76th birthday, has been a professor 
the University of Vienna for 44 yea 
He began his studies as a student in t] 
same university under the great int 
nist, Bamberger, the well-known pat! 
gist, Stricker, and the neurolog 
Leidesdorf. The latter interested him 
mental diseases early in his studies a 
developed in him a sympathy and p: 
tical interest for the unfortunate insa1 
At the time that Wagner-Jauregg m 
his observations on the effects of fe 
treatment in mental diseases, psychiat: 
treatment was highly theoretical a: 
most of his colleagues were therapeutic 
nihilists or treatment scoffers. As this 
kindly professor with bushy eyebrows 
and large mustache made his dai 
rounds in the hospital, he took care! 
notice of each and every one of his me 
tal patients. He was especially as 
tounded at the remarkable amount 
improvement in one of his paretic 
patients who developed erysipelas. This 
gave him great food for thought, and 
after assembling data acquired throug! 
reading the literature, and observations 
of many doctors before his time, he first 
published his theory of fever treatment 
in 1887. However, his older colleagues 
jeered at him and criticized his work 
severely. In 1891 when he began to use 
tuberculin as a means of producing 
fever, not only did the faculty rise up in 
arms against him, but the entire Vien- 
nese press printed editorials caustically 





MAKING MALARIA WORK FOR THE DOCTOR 


-iticizing his work and holding him to 

a potential murderer. However, 
Waoner-Jauregg was tolerant of his 
rities and quietly continued to study the 

roblem. In his study of endemic cretin- 
‘sm in Styria he developed powers of 
rganization with mass treatment which 
ater fitted him to inoculate hundreds of 
natients with malaria and tabulate the 
results. 

With the onset of the great war his 
work was more or less forgotten until 
1917 when he resumed his experiments. 
At this time the faculty consisted of 
many new, young and open-minded mem- 
bers who quickly took recognition of his 
work. He began by treating paretic 
soldiers with malarial inoculations which 
he found to produce the best results. 
His work in this field has been so success- 
ful that it is now being used throughout 
the world. His recognition was climaxed 
with the bestowal of the Nobel Prize in 
1927. 

When we speak of malaria we mean a 
particular type ealled benign tertian 
‘aused by the plasmodium vivax para- 
site. This type of malaria is practically 
never fatal and can be readily cured by 
administering quinine. The Middle West 
and Southern states are practically never 
free of it and sporadic cases occur in 
every state of the Union. It is naturally 
transmitted by the bite of the infected 
Anopheles mosquito. In contrast to this 
mild form of malaria we must recognize 
the more serious or malignant form 
which is never used in the treatment 
of disease, namely, aestivo-autumnal 
malaria. 

Since infected mosquitoes are not al- 
ways available and for practical pur- 
poses are not ideal nor safe sources of 
malaria, physicians utilize the blood of 
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patients already infected with the dis- 
ease. The syphilitic recipient is injected 
under the skin with blood from the ma- 
larial donor and the physician waits for 
the ‘‘take’’ to This usually re 
quires about 10 days, after which the 
llowed 


occur. 


paroxysms of fever and chills fo 
by sweating occur with more or less regu- 
larity. In the 24 to 48 hour free inter 
vals the patient is usually comfortable, 
but during the attacks of fever he ap 
pears quite ill and has a temperature 

104° or higher. The patient is permitted 
to have 8 or more paroxysms and then 
the malaria infection is overcome rap 
idly by quinine. The 
peak of success from this type of treat- 
ment about 12 with 
gain in weight and marked freedom from 


administering 


occurs in months 
mental and physical ailments. 
Post-mortem studies have shown how 
malaria acts on the nervous system. It 
sets up a powerful stimulation in an ex- 
tensive group of protective tissues called 
the reticulo-endothelial system which is 
found in the spleen, bone-marrow, liver, 
brain and lining of the blood 
vessels. This stimulation produced by 


smaller 


the malarial germs causes an exodus of 
cannibalistic cells called histiocytes or 
wandering cells, which rush 
capillaries of the brain and other organs 
and devour the hidden, harmful 
and deposits of the syphilitic germ which 
have interfered with the normal blood 
supply and breathing of the brain and 
nerve cells. All this through the medium 
of the fever which sets the wheels in mo- 
tion for the malarial organisms to do the 
work. And so we thankful to 
Professor Wagner-Jauregg for giving us 
malarial therapy in treating 
which long have been regarded as hope- 


into the 


nests 


can be 


diseases 


less and ineurable. 
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THE MINOR PLANETS: STRAY SHEEP OF 
THE SOLAR SYSTEM 


By Dr. A. O. LEUSCHNER 
PROFESSOR OF ASTRONOMY, UNIVERSITY OF CALIFORNIA 


THE solar system, of which the earth 
on which we live is a part, consists of a 
host of celestial bodies whose motion is 
controlled primarily by the gravitational 
attraction of the sun. This attraction 
causes them to move around the sun in 
more or less elongated ellipses, known as 
orbits, with various periods of revolu- 
tion, ranging from 88 days for the planet 
Mercury, nearest to the sun to thousands 
of years for some comets. 

Best known among the members of the 
solar system are the major planets Mer- 


eury, Venus, Earth, Mars, Jupiter, Sat- 
urn, Uranus and Neptune, in the order 


of their distances from the sun. They 
have relatively large mass, or weight, 
and size. The heaviest of them, Jupiter, 
has a weight approximately one one 
thousandth that of the sun. There is 
also Pluto, discovered in 1930, far be- 
yond the orbit of Neptune. Pluto is 
still classed as a major planet, because 
of the expectation of astronomers that 
another such planet existed beyond Nep- 
tune, but its weight and size have been 
disappointing, being probably less than 
those of the moon. The moon’s weight 
is about one eightieth that of the earth. 
The earth’s weight in turn is about one 
three hundred thousandth part of that 
of the sun. Other major planets besides 
the earth have moons revolving about 
them, but we are not concerned with them 
to-day. 

The distances of the major planets 
from the sun range themselves in a cer- 
tain sequence, known as Bode’s law. 
This law is entirely empirical, but it led 
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astronomers to suspect the existen 
another major planet between Mars 
Jupiter, at a distance from the sw 
approximately 2.8 astronomical units, ; 
astronomical unit being the dista: 

the earth from the sun. Organi: 
search by astronomers failed to rey 
such a body, but on January 1, 1801, t 
Sicilian astronomer Piazzi accidentally 
noticed a strange moving body 
looking for a certain star. 

Ceres, and it was hailed as the missing 
planet predicted by Bode. Its distane 
fits Bode’s law, but its size and weight 
like those of the recently discover 
Pluto, were a source of great disappoint 
ment. The diameter is only about 5 
miles, less than one seventh the diamet 
of Mercury, the smallest known major 
planet. Still more puzzling was the dis 
covery of three more such objects by 
1807. In distinction to the major plan 
ets, these small bodies became known as 
minor planets. Ceres, the first disco 
ered, went astray, and soon was lost fron 
sight. Fortunately, months later it was 
located again among the stars, as a result 
of calculations under the Newtonian law 
of gravitation. 

This straying from their paths of 1 
minor planets presents perplexing prob- 
lems to the astronomer. Straying sheep 
are rounded up by the shepherd’s watch- 
ful dogs, and are brought back to t! 
path which the flock is to follow. Minor 
planets, however, have to be followed in- 
dividually by arduous computations if 
they are to be sighted again. Their 
breaking away from the elliptical orbit, 


whole 
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however, is not capricious, as in the case 
of sheep, but is due to the universality 
of Newton’s law of gravitation, which 
subjects the minor planets not only to 
the attraction of the sun, but also to that 
of the major planets of the solar system. 
The fact that we know why the minor 
planets stray from the paths prescribed 
for them by the sun offers little comfort 
to the astronomer, considering the enor- 
mous difficulties involved in calculating 
the action of the major planets, known as 
perturbations. 

The discovery, up to 1807, of four 
minor planets between Mars and Jupiter 
stimulated search for others. By 1890 
more than 300 of them were known. Up 
to that time the discovery of minor plan- 
ets was an arduous task. In the telescope 
a minor planet looks like a faint star. To 
identify it as a planet it is necessary to 
observe that it moves relatively to neigh- 
boring stars. That means watching the 
stars visible in the telescope, at least for 
several nights in succession. This can 
only be done with the aid of accurate 
maps of the fainter stars. Such maps, 
therefore, had to be made with great 
labor. 

The planet’s orbit around the sun gen- 
erally can be approximately calculated 
if its position has been measured accu- 
rately at three different times. The ac- 
curate positions are secured by measur- 
ing parallel and perpendicular to the 
equator the planet’s angular distances 
from the position of a star. The ac- 
curacy of the planet’s measured position 
thus depends on the accuracy of the 
star’s position. 

Beginning with the year 1890 the flock 
of minor planets began to multiply enor- 
mously with the use of photography in 
searching for them. A plate exposed in 
the focus of a photographic telescope 
which follows the daily motion of the 
stars by clockwork and other guidance, 
reveals the stars as points on the plates, 
while the moving minor planets produce 
small trails. The position of the minor 
planet relative to the stars may be ac- 


ane 
mA GT 


curately measured. Further exposures 
are made in the days and months that 
follow to secure the positions necessary 
for the calculation of an orbit. 
Originally astronomers followed and 
accurately measured every new minor 
planet. This requires the calculation of 
its approximate elliptic path. Otherwise 
it will go astray and that is what is hap- 
pening now with the vast majority of 
new minor planets. At the time of dis- 
covery they are near the earth, with the 
sun in the opposite direction. As a 
planet moves away from this favorable 
position it becomes invisible. After at 
least a year or more, it again revolves 
into the favorable position of opposition. 
To find it then, the perturbations of the 
major planets must be taken into account 
by complicated mathematical methods. 
It is not a question of keeping minor 
planets rounded up like a flock of sheep, 
but every planet goes its own way and 
has to have an individual shepherd who 
subjects its wanderings to calculations. 
The largest number of minor planets 
discovered in any year was in 1931 when 
391 were found. Since 1910 over 3,000 
have been discovered. Of this 
number only one in five has an orbit com- 
puted with adequate accuracy to warrant 
a prediction of future motion with con- 
fidence. Such planets receive a current 
number. So far, 1,301 planets have re- 
ceived numbers out of more than 5,000 
discovered since the beginning of the last 
For some 40 of these, the pre- 
For 


large 


century. 
dictions at best must be uncertain. 
an additional 85 search so far has been 
of no avail or if found, they had strayed 
far from the predicted path. Another 
306 of the 1,301 have either not been seen 
since 1930 or they have not been observed 
on sufficient returns for reliable predic- 
tions. Not all minor planets which show 
as trails on plates are listed, but sample 
counts of selected regions have been made 
from available plates which reveal that 
there are about 50,000 minor planets 
within reach of the largest telescopes. 
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The early observations may be repre- 
sented by quite a range of preliminary 
orbits, and only later observations can 
reveal how close the adopted preliminary 
orbit is to the real one. When a pre- 
liminary orbit is known, so-called special 
perturbations due to major planets may 
be calculated step for step with their 
known weights or masses. This 
peated until an orbit results which with 
these special perturbations enables the 
astronomer to predict the position of the 
minor planet. But it has not been pos- 
sible to keep track in this manner of all 
the numbered minor planets. There is 
another method known as general per- 
turbations which gives the total effect of 
the action of the major planets at any 
future date. This method is used in- 
creasingly and has so far been applied 
to 223 planets. It is particularly effec- 
tive if planets of similar orbits are taken 
in groups, as, for example, all the planets 
which move around the sun twice as fast 
No planet mov- 


is re- 


as Jupiter, more or less. 
ing less than 700 seconds a day can be 


followed without consideration of the 
perturbations. If its motion is between 
700 and 850 seconds and the ellipse is 
only moderately elongated, or if the mo- 
tion is more than 850 seconds and the 
ellipse is highly elongated, there is also 
no possibility of adequate prediction 
without consideration of the perturba- 
tions. The process of general perturba- 
tions enables the discoverer to pick up a 
minor planet after decades without the 
intervening observations or calculations 
necessary with special perturbations. 
Gradually the great significance of the 
study of the motions of the minor planets 
is becoming more and more apparent. 
May I touch merely on a few of the prob- 
lems, in which they are being recognized 
as having an important part. Precise 
star positions and maps are required for 
some of the most important studies now 
under way, such as the structure of the 
universe. While precise star positions 
originally served for the accurate deter- 
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mination of planet positions, it is ; 
recognized that when the motion o! 
planet is precisely known, the positi 
of the stars which it passes in its ¢ 
ean be improved by reference to its or} 

Motion involves intervals of time. 0 
daily time is measured by the rot 
of the earth. Irregularities of the 1 
tion of the earth would cause appa 
straying of a minor planet. In turn, ; 
existing irregularity in the rotati 
the earth may come out of the stud 
planetary straying. 

Many problems depend upon an : 
rate knowledge of the distance of 
earth from the sun, our 
unit. Orbits in the solar system ar 
culated with this unit as a scale. If t 
minor planet in its elongated or! 
should come sufficiently close to the eart 
so that its distance can be measur: 
miles by triangulation, the exact | 
of the astronomical unit may be det 
mined. There are several such pla 
one of which cuts into the orbit of Ver 
and under the most favorable cir 
stances can come as close as six and 
half million miles to the earth, as « 
pared to the sun’s distance of ninet 
two and a half million miles. Uni 
nately, the few highly important mi! 
planets of this kind, except one, 
gone astray. The exception, know: 
**Eros,’’ has been used in two interna 
tional astronomical campaigns for 
determination of the sun’s distance. 

Straying of minor planets, as has b 
noted, is caused by the major planets 
Vice versa, a close approach of a mi 
planet to a major planet enables us t 
determine the latter’s mass or weight 
Minor planets have many points of ! 
semblance to comets, another group 0! 
bodies of the solar system. Some of thes 
travel in highly elongated orbits wit! 
periods running into thousands of years 
Comets and minor planets have sprung 
either one from the other or from a com- 
mon source, yet to be ascertained. 

Minor planets are observed from a 


astronom) 
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moving earth, and the calculation of 
their orbits requires an accurate knowl- 
edge of the earth’s orbit around the sun. 
With all other causes of straying elimi- 
nated, the motion of the minor planets 
gives opportunity of perfecting our 
knowledge of the orbit of the earth. 
These are but a few illustrations of 
the parts minor planets play in the 
scheme of astronomical science, but how 
ean we account for their existence and 
the variety of orbits in which they move? 
Evidently much light might be thrown 
on this question if by perturbations 
traced backwards into the distant past 
we could lead them back to where they 
eame from. Such investigations have 
been made and it has been found that at 
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certain epochs in the past families of 
planets started from the same point with 
reference to the sun. Each family may 
thus be the remnants of a disintegrated 
larger body. Whether the parent bodies, 
if traced still further back, 
found to be parts of a still larger origi- 
nal body is at present a matter of specu- 
lation. Such parent 
given rise simultaneously to comets and 
minor planets. 


again be 


bodies may have 


Thus minor planets and comets must 
be accounted for in any theory of evolu- 
tion of the solar system. They form as 
important a part in this problem as the 
study of the distances and motions of 
the nebulae in the problem of the nature 
of the universe. 


THE MOSAIC OF NATURE 


By Dr. GEORGE J. PEIRCE 
EMERITUS PROFESSOR OF BOTANY, STANFORD UNIVERSITY 


Ir a space of air and soil were abso- 
lutely cleared of every living thing, by 
war or fire or voleanie eruption, what 
would follow? What has followed? By 
degrees, and by invasion or immigration 
or spreading from the surrounding air 
and soil, the space has become occupied 


and fully oceupied, as before. There has 
been reestablished that balance, that 
mosaic, of nature which exists in every 
new country and in every old country 
sufficiently old and undisturbed. In 
every country less new, and in every area 
only recently devastated, the mosaic is 
still in the making. Not only is the mo- 
saic still in the making, but there is such 
a shuffling among the possible compo- 
nents that some of the pieces may be 
broken and the pattern may be greatly 
changed. 

This reconstruction is not like that 
which follows an evening’s work upon a 
picture puzzle, the restoration of pieces 
of various shapes to the spots from which 
they were sawed and taken. Nor does it 


follow a design preconceived in the mind 
of the artist and prefigured to the eyes 
of the artisan. Instead, the reconstruc- 
tion results from repeated 
ments among themselves of the moving, 
living, struggling pieces of the picture. 

We may call some of the pieces plants, 
others animals; but in doing so we must 
include ourselves also, for man is a part 
of nature. 
trary to man’s absurd estimate of him- 
self to think of him otherwise than as 
**the lord of creation’’; but while man 
sometimes thinks of himself as 
trolling the forces of nature,’’ it requires 
only a moderate earthquake or even the 
procession of the seasons to show him 
that he is powerless even to delay the 
movements of the earth, either the 
wrinkling of its crust or its turning upon 
its axis. 

He has adjusted gravity: to his own 
benefit, and makes it support his sky- 
scrapers and furnish him with hydro- 
electric power; but the birds do better, 


rearrange- 


To be sure, it is quite con- 


*" @on- 
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and even the trees—furnished with run- 
ning water throughout !—anticipated his 
high buildings. He has built houses for 
protection and defense; but fur and 
claws accomplish both. He has devised 
societies ; but no more perfect or monoto- 
nous democracy than the forest, no more 
complete subjection of labor to capital 
than his own dependence upon water and 
the products of the soil. He must strug- 
gle for space and for subsistence with the 
other living—and with the lifeless—com- 
ponents of the mosaic of nature. And 
ultimately he succumbs to a staphylococ- 
cus or a deficient vitamin or an unbal- 
anced hormone, and so keeps his place in 
that continuing procession of living 
beings stretching from the beginning of 
time until its end. 

We must recognize, too, that while all 
these living pieces of the mosaic perform 
constructive réles in the making of the 
picture, some are constructive in the 
sense of manufacturing and building, 
while many others are destructive, living 
upon and destroying the products of the 
first. The sheep is dependent upon the 
grass which makes sugar, but man de- 
pends upon the sheep for food and 
warmth. Both man and sheep return to 
the air and soil the carbon dioxide gas, 
the mineral matters and the water of 
which their bodies were built. 

An impressive part of the mosaic of 
nature is this maintenance of soil and air 
fertility for generation after generation. 
As long as there is no decline in the sup- 
ply of energy from the sun for doing the 
work of the world the useful composition 
of air and soil will be maintained. For 
in the hours of daylight, while carbon 
dioxide gas is being absorbed, abstracted 
from the air by green leaves and com- 
bined with water to make food in the 
form of sugar, the oxygen content of the 
air is maintained by the oxygen liber- 
ated in food manufacture. As con- 
stantly, each living thing, by its respira- 
tion, is returning carbon dioxide and 
water to air and soil. By these two proc- 
esses the mosaic of nature is kept intact. 


The pressure and the composition of ¢}; 
air remain the same in any given area { 
century after century. 

In the mosaic of nature there is ge, 
erally food enough for all. There ; 
be starvation, death, locally, as the resy} 
of war or other destructive calamity : 
in the scheme of nature production ; 
consumption are equal. There is 
accumulation, nor is there any defi 
Those plants and animals which 
short-lived make and store enough f 
to satisfy their own requirements, 
enable them to reproduce, and to provi 
their offspring in seed and egg with su 
ficient food to carry them through tha: 
period in which they are too small or t 
weak to shift for themselves. Longe: 
lived plants and animals accumulate in 
their own bodies such stores of food as 
will carry them over the periods of n 
production, over the winter, through th. 
dry season; and some of the cleverer 
animals have acquired the arts of har 
vesting and storing so that, althoug! 
they grow thin, they do not necessaril) 
die. 

It is true that this general balance 
production and consumption, of supply 
and demand, while wonderfully perfect 
throughout nature as a whole, is not al- 
ways and everywhere attained. Indi- 
viduals, communities or larger groups of 
organisms may suffer or even perish 
Nevertheless, the oceans maintain their 
populations of fishes, seaweeds and 
plankton unchanged year after year, 
unless disturbed by some intrusion of 
creature or of force. The land each sea- 
son produces its blanket of grass and 
herbs or adds height to its forest cover 
and so maintains its animal population 
year after year. Here and there inva- 
sion, which may exhibit itself as war or 
as epidemic, according to the size of the 
invader, may destroy a part or the whole 
of the living population. Man may fell 
or fire the forest, mosquitoes may distrib- 
ute malaria, floods may devastate 
drought and wind may even remove tlie 
soil. Yet all these departures from the 
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soneral scheme reveal themselves be- 
sayse they are exceptions. Generally 


au 


chore is food enough in nature for all. 
Man possesses qualities which distin- 


mish, sometimes mislead and often 
chreaten to destroy him. He has more 
oventive power than any other living 


Some of his inventions come 


.alled a social animal. His invention 
if the city illustrates both. For a city 
s of all things the least able to support 
itself. If it grows too fast or too large it 
will outrun the means of subsistence and 

e of hunger in cold and filth. Man’s 
‘mmodest effort to depart from the pat- 
tern of nature has resulted in certain 
immense advantages to himself individ- 
ually; but it has exposed him at the same 
time to grave personal dangers, and more 
than once it has involved threatened if 
not actual racial destruction. 

Not only by interfering with the mo- 
saic of nature through concentration of 
individuals into limited areas, but in 
1umberless other ways also man has dis- 
inguished himself as both ignorant and 
bold. Without study and knowledge of 
the world he lives in he determines to do 
what desire dictates. He fells the forests, 
clears the land, sows an imported grain, 
combats all previous occupants of the 
area, regardless of the doctrine of prior 
rights, endures the caprices of the 
weather, harvests the survivors of the 
struggle for existence between the old 
families and the newcomers, eats and 
sows these survivors and conceives him- 
self to be prosperous if he has a salable 
surplus. 

gut if his breaking the native sod, 
clearing the land and sowing to grain be 
followed by prolonged and _ intense 
drought, the crops will fail, there will be 
no cover and no binder to the soil, the 
wind will pick it up, carry it away and 
finally deposit it in those places where 
it is least desired. On the marginal 
lands of the Dakotas and of the western 
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dry belt the would-be farmer smashed 
the mosaic of nature. He has suffered 
variously for years, producing crops of 
political, social and economic ideas re- 
pugnant to those less bold or less original 
persons who remained where water, soil 
and climate are less threatening. Finally, 
the continued threat carried 
out, good soil has been lifted and whirled 
away, the former owner impoverished, 
the recipient embarrassed. <A return of 
the soil to nature is impossible. The 
mosaic is not only broken, it is dissipated 

Similar danger threatens man’s use of 
sand dune areas. If he increase what- 
ever holds the sand together, be it plant 
cover, suitable buildings or binding oil 
or asphalt, then is his procedure safe; 
but let him cut the natural coat, sever 
the natural binders, and the sand will 
begin to move, irresistibly, in the direc- 
tion of the prevailing wind, burying 
farms and settlements or shifting chan- 
nels, but in the end establishing a new 
and not always welcome pattern of the 
mosaic. 

Erosion control is more than a chari- 
table impulse, a vote-getting device or a 
euphemism for a dole. It is a conscious, 
intelligent effort to repair, as rapidly as 
possible, what has been damaged by road 
cutting, by down-hill instead of horizon- 
tal plowing, by the destruction of the 
forest cover by fumes and by other inter- 
ferences with the established pattern of 
nature. It checks the run-off after rain 
and melting snow; it prevents the scour- 
ing and scoring of hillsides; it reduces 
the risk of freshets; it lightens the load 
of silt carried by the streams. It is one 
of the finest examples of man’s undoing 
by cooperation the harm which he has 
done individually in unintelligent self- 
interest. It is a partial fulfilment of the 
promise which the biologist sees of in- 
creased comfort, improved health and 
greater happiness for all in such study 
and understanding as will lead man to be 
a harmonious and not a rebellious part 
of the mosaic of nature. 


has been 
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THE ROMANCE OF MODERN EXPLORATION 


By ANSEL FRANKLIN HALL 
CHIEF, FIELD DIVISION OF EDUCATION, NATIONAL PARK SERVICE 


Tue story of exploration in the desert ologists and other scientists whose 
Southwest offers opportunity for intro- it would be to map the area and ¢ 
ducing a bit of the thrill that goes to men trate as far as possible into the 
who are privileged to push intonewcoun- in a preliminary reconnaissan 
try. It may surprise you to know that would determine the plans for 
this land of ours still offers opportunities field seasons of more intensive ex; 
for real exploration. There are still vast tion and scientific investigations 
areas that are as yet practically unknown men were all volunteers—men w! 
to white men—areas that challenge the ing the remainder of the year wer 
interest of the scientist and the man who dents and instructors in the universi: 
would seek the last frontier of the old and colleges of California and the Eas 
West. Off in the dim blue distance far When the auto caravans left Ca 
to the northeast of the Grand Canyon of nia and New York City early in Ju 
the Colorado lies a vast, colorful, pictur- the trek to the Southwest, the sp 
esque country—the home of the Navajos adventure ran high. The first se 
and of prehistoric tribes that developed hundred miles of the journey wer 
a civilization that disappeared from the sailing along wonderful highways, | 
face of the earth long before the new Flagstaff, Arizona, the party 
world was discovered by the white man. north into the desert. Roads b 

But this country is not all desert. The worse and worse. Deep sand and 
sacred mountain of the Navajos lifts its holes resulted in two broken axles 
huge bulk so far into the blue that its last hundred miles were scarcely 
10,000-foot summit is clothed with a_ than a track across the desert. Fi 
dense forest of pine, spruce and fir such the supply base was reached—th 
as one would expect to find 2,000 miles outpost called Kayenta at the n 
farther north—but certainly not in end of the Navajo Indian Re 
the desert Southwest. Surrounding its From here on the party must 
flanks is the great Rainbow Plateau, own roads and trails. Here th: 
which is cut by deep canyons in which tion was divided into smaller field 
prehistoric cliff dwellings nestle beneath ties, each of which would push 
the overhanging ledges. Farther toward unknown afoot and with pack 
the east, high straight-sided mesas are a would endeavor to find a way acr 
common feature of the landscape, and desert in their sturdy station wag 
desert erosion has caused the weird and Before the field parties set out, | 
unique features of the Monument Valley. all members of the expedition help 
Here are to be found natural bridges in construct a landing field, for the ex 
various stages of evolution, the most per- tion’s reconnaissance plane was du 
fect of all resembling a huge rainbow arrive in two or three days; the nea! 
which lifts its arch higher than the dome airport was 175 miles away toward t 
of the national capital building in Wash- south. Meanwhile the pack train 
ington. organized and the archeologists 

Into this weird country went a band of biologists started northward int 
explorers in the summer of 1933 and canyons of the Tsegi in an attempt 
again in 1934—engineers, geologists, bi- cross Skeleton Mesa to meet at a! 
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rendezvous on the flanks 


Mountain a month later 
following days were 
the 


ently large prehist rie ruins 


for archeolog 


viventure 
were 
found nestled in recesses under the 


angineg cliffs. Some of these ruins 


accurately dated by means of bor 
from the timbers which had 


gs taken 
ised in their construction. In other 
aces the only indications of primitive 
nhabitants were the fragments of broken 
rv left one thousand 


’ 
aimost 


here 


The birds, mammals, reptiles 


irs ago. 
| plants of the region, as they exist 
day, in themselves present an interest 
but all have a bearing 
the 
a definite effort t 


1g study 
life of 


logists made 


upon 


ancient people 


! 


t " 
iit 


late these field studies with 
wical discoveries. 
Meanwhile the engineers were at work 


+ 
} 


with plane tables and transits running 


stadia traverse and triangulation which 


mld enable them to produce a base map 
the area. We had expected when we 
itered the country that there would be 
me 700 square miles to study, but the 
‘ion proved much bigger than we had 
ticipated, and we soon discovered that 
»had on our hands the problem of ex 
ring and mapping some 3,000 square 
was made, 


niles. A preliminary map 


ind this year we expect to return to con 
‘ntrate upon the making of an accurate 
ntour map of the areas where intensive 
eld work will be in progress 


Bounding this region at the north are 
the deep canyons of the San Juan and 
U lorado Rivers Entirely inaccessible 


by trail—the only means of penetrating 
boat It 


would be a hazardous venture, attempt 


these chasms seemed to be by 


ing to make the passage through these 
200 miles of canyons—but there was no 
lack of volunteers to man the seven small 
boats which were specially constructed 


rn 


or the purpose. There was anxiety in 


camp on the day that the small fleet was 
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season, when the members of the main 
party were assembling their belongings 
in the base camp for the morrow’s start 
on the thousand-mile trek back to the 
Pacific Coast, four geologists said, ** Let’s 
make just one more final search in the 
rocks up in the Tsegi Canyon.’’ They 


did. Disappointment again. Knocking 


off work at sundown they started the 
long wearisome 10-mile hike back to 
camp. The red sky turned to purple. 
It was getting hard to see. Suddenly one 
of the men said, ‘‘What’s this?’’ Just 
a light spot on a red rock that almost any 
one, even a geologist. would have passed 
by. But it looked odd. A tap of a geo 
logical hammer and there, sure enough, 
lav a white bone embedded in the rock. 
A fossil at last in the Navajo Sandstone! 
A discovery of such importance would 
normally have been left in place, but this 
was (disintegrating surface rock, so there 
was nothing to do but carefully gather 
the fragments. 

Late that night the party, jaded but 
triumphant, burst into the campfire cir- 
cle with the startling news. And it 
proved to be even more startling than 
they suspected, for when these precious 
fossils were sent to the University of 
California for identification and study 
they proved to be the remains of an 
entirely new type of small bird-like 
dinosaur. And most important of all, 
this find represented the very first fossil 


of any kind ever found in the M 
rocks of the Southwest. 

1934—-second assault upon 
ern Navajo country—discovery 
ancient Basket Maker burial cave 
vielded rich finds—and the uns 
mystery of seventeen headless mu 
then there were mammals, birds, 1 
insects, many of them never bet 
ported from Arizona, and some 
entirely new to science; also ar 
pected reological find in a sila 
that produced more than 100,000 
ments of Pleistocene bones—an 
new fauna for this region; time p1 
our listing even the major thrilli: 
coveries which resulted from th: 
son’s intensive field work 

But the job of exploring and st 
this fascinating area of desert, mes 
canyon is far from completed. S 
seasons of field work will be r 
before the major problems are s 
Some 2,000 square miles still rema 
yond our present horizons. <A 
about the middle of June another 
of scientists and explorers left 
York, under the leadership 
Charles Del Norte Winning, 
York University, while at the san 

started fron 

fornia. What does the season 
hold in store for these advent 
Nobody knows! That’s what 
exploration such a thrilling fame 





INTERNAL FRICTION IN SOLIDS 


By H. WALTHER 
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bar of carefully annealed 
im held the 
at one end, the sound emitted by 
be heard for more than a minute 
the 


N a 


is in middle and 


» same is done to a bar of lead, 
ibsence of any musical note is usually 
smissed with the remark that the bar 

‘dead Now, of the alumi- 
im bar is just as dead as the lead bar, 
ob 


and the lead bar is just as much 


course, 


both are regarded as inanimate 
ive as the aluminum if both bars are 
onsidered in terms of their constituent 
toms or electric charges. 

Then why do we hear the ring of the 
not the lead? The 
difference be- 


vibration. 


bar and 
their 

rv toward mechanical 
In the aluminum the 
vibration produced by the blow is rela- 


iuminum 


unswer lies in in 


bar longitudinal 
tively vigorous and is sustained because 
nternal resistance to motion of elonga- 
The 
is gradually ra- 
of it 
the other 
mo- 


and contraction is small. 


imparted to it 
the 


tion 
energy 
and some 
reaches our ear. lead, on 
internal to 

m is enormously large as compared to 
aluminum. The result is that the vibra- 
tion in the first 
enough to be barely audible, and fur- 
thermore dies out so fast that within one 
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In 


resistance 
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iand, strain 


is place only great 
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enth of a seeond the displacement at 
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dissipated within the bar and goes to 


raise the temperature of the material. 


The amount of heat generated, of course, 
indeed, the 
tremely small amplitudes of motion in- 
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liameter and 30” long, a light blow 
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found to be independent 
the quantity Q is a constant 
frequency is concerned. Fr 
ical standpoint, the magnitud: 
is a measure of the relative ny 
of reactance and resistance p) 
given sample of the materia 
no material free from me 
sistance has been found 
mination of Q does not 1 
direct knowledge of E and 
These two quantities may ay 
from easily made measurem: 
Fic. 1. ALTHOUGH MOST ENGINEERS THINK sponse at certain frequene es 
THE STRESS-STRAIN DIAGRAM AS A SINGLE LID in Fig. 2. When the amplit 


() tVING BEYOND THE ELASTIC LIMIT . ¢ . 
A. CURVI nant frequency f, and thi 

REFINED MEASUREMENTS SHOW THAT FOR ‘ : : 

; f,, f, at which the amplit 

THE SMALLEST DEFLECTIONS THE DIAGRAM IS . : hj | 

iii times this value are know) 

CLOSED LOOP [THE AREA OF THIS LOOP IS A MEA a : - : 


SURE OF THE INTERNAL RESISTANCE, AND THI relationship 
SLOPE OF ITS SIDES AT ANY. POINT IS A MEASURI 


OF THE ELASTIC REACTANCE,. 


modulus E, and the resistance is pro- In the simplest case, then, tl 
portional (by the same faetor of propor- tion constant ean be obtain 

tionality) to ® », where ®=27f and from three measured frequenci: 
is the internal viscosity of the material. Considerable work has bee 
So that numerically the dissipation con- these laboratories on severa 

stant of a solid is given by the subject. In Fig. 4 is sho 
E Rorden with the apparatus 

measuring internal dissipation 


mu am 
‘he slender bar to be measur 


The viscosity yy varies approximately in in the center of the picture, is s 


versely as the frequency, and since E is_ at jts middle on a rigid mount 
magnetic receiver structure 
near each end. An oscillat 
to one of the receivers is 
resonance frequency of the 
sulting longitudinal vibratio 
induces a voltage in the second 
which is amplified, rectified ar 
ameter. The tuning of the driv 
rent is controlled by the precis 
denser on Mr. Rorden’s right, 
response of the bar is read on thi 
beside it. 

A list of typical solid materials 





Fic. 2. THE VECTOR DIAGRAM FOR A BAR VIBRAT 


ING AT RESONANCE ALWAYS CONTAINS A RESIS a very large range of values for t 
TANCE VECTOR. THE PHASE ANGLE 6 or EITHER pation constant. A minimum of 
OF THE IMPEDANCE VECTORS WILL THEN BE Less the Q of a hard piece of lead 
THAN 90°, AND SINCE Q=TAN 6, THE DISSIPATION maximum of 50,000 for a soft } 


CONSTANT WILL ALWAYS BE FINITE. aluminum are not unusual. It 











INTERNAL FRICTION IN SOLIDS 




















‘ state whether a given material is 
1 } ~ 

soft because when lead with a 

' s softened by annealing, the Q 



































Lead 

















nereased to a value of 200 ; }-+t-\ 
S when a soft piece of aluminum 
) of 50.000 is severely eold 
by rolling or bending, the Q may 
ed to 8,000. Again, of two bars ere 
S dentical in size, shape and com ae ) 
R but one of them hardened by re 
ting and quenching and the other ink 
ened by careful annealing, one finds Fy I AL PRE¢ 
n tapping their ends that it is the ¥& SO Oo 
s ne which rings the longest. The  S!ON Is 
ssipation constants of most solids are ' 
ind between the two extremes of lead 
aluminum just mentioned. The 
ble below gives values of Q for most wuere f ‘ Oo 
he solids investigated thus far. The ru SPONSE IS ; ( oO 
cures indieate orders of magnitude MAXI SPONSE R 
rather than specific values, because, as ; R 
inted out above, considerable varia 
n is possible for a given material 
nder various conditions of internal spondence with the more well-known 
strain physical properties and the extreme 5 
large range of values of dissipation con 
Q Copper 3,000 stants might furnish a means for invest 
ised) over 100,000 Nickel =,000 gating hitherto unsolved problems in 
: — 50,000 Zine 1,900 volving different kinds of solids and 
$s 40.000 Glass 1.600 . , 
) min 30.000 Carbon ' different States ol internal strain r 
; 20.000 (graphit 999 ‘Structure for a given solid 
I illoy Tin 800 
80% nickel) 9,000 Hard rubber 50 














6,000 












is interesting to note that the order 


| + 


the list bears apparently no relation 








other physical properties. Thus we 





have two of the softest metals occupy ing 





POSITIONS near opposite extremes of the 
table 


he other hand, differ greatly in hard- 
resistivity ; still 






Two solids like zine and olass, on 









in eleetrical 
mechanical 
nearly the same. 
| are almost alike from the standpoint 
% mechanical dissipation; yet if we 
uld the list according to 
‘iting points, we should find the one at 
the head and the other at the bottom of 
t But the apparent non-corre- 


ness and 








their constants 





dissipation 
Again, carbon and 






are 







arrange 










MEASURE 


Fig. 4. FOR THE 


MENT 


APPARATUS USED 


fe list, OF INTEKNAL DISSIPATION OF SO 


VENERABLE BEDE, 


BORN IN THE BISHOPRIC OF DURHAM, ENGLAND, IN A.D. 672 
735; BURIED IN THE CHURCH OF THE ABBEY OF ST. PAUL, AT JARROW, IN THE PA 
DURHAM, 


oR 673: DIED ON MAY‘ 
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BAEDA VENERABILIS (672-735) 


VELVE centuries have passed since gestum digitorum’”’ 
la (Beda, Bede), one of the first of tlone un¢ciarum ”’ 
British scholars of the Middle Ages, ject of computat 
pleted his work at Jarrow. Four numerals and of 
rs before his death, which probably It was he w 
curred in 735, he added a note to his eland the 
enum Opus, the *‘Historia Eeclesi birth of C 
‘a gentis Anglorum,”’ setting forth  sius, who had 
rief the major events of a life passed Rome beginning 
he monasteries of St. Peter in Wear- although it app: 
uth and St. Paul in Jarrow. The note somewhat ear 
eads in part: “‘Il was born in the terri The represent 
tory of the said monastery, and at the of fingers has a 


of seven I was, by the care of my has the computa 


ations. given to the reverend Abbott Even at the present 
Benedict to be educated From that of the world people 
time I have spent the whole of my life leaving three fi 
within this monastery devoting all my to represent 5 
pains to the study of the scriptures; and closed; they also 
amid the observance of monastic dis- right hand, the re 
‘ipline, and the daily charge of singing Then they add the upright fingers 
n the church, it has ever been my delight $) and multiply those which are 

learn or to teach or to write’’—semper 2x4=8), thus obtaining 48. T 
mt discere aut docere aut scribere dulce cess requires the learning ot 
habui. What more noble epitaph for a_ tion facts only to 4’s 
scholar ! The contributior 

Since the current year marks the to the represent 
twelve-hundredth anniversary of the larger numbers 
death of Baeda, it is fitting to recall in used in the period 
a scientific journal his contributions to manuscript copy 
science, even though they were of minor trations of the 
importance when compared with the now in the Bibl ‘a Nation: 
‘‘Eeclesiastical History,’’ which he com- drid, dated about 1140. An 
pleted in 731. In this field he wrote scription of these symbols 
upon physical sciences (*‘De Natura Re- ‘‘Codex Alcobatiensis”’ ir 
rum,’’) his material being chiefly gath- brary. Of the several earl; 
ered from such writers as Isidore of lustrations of finger numera 
Seville who, in turn, had depended Pacioli’s ‘‘Siima de Arithmet 


largely upon various earlier Latin writ-  metria Proportioni & Proport 


rs This is seen in his treatment of Venice, 1494 and a simul 
such subjects as the rainbow, voleanoes, the ‘‘Abaevs’’ of Johannes 
thunder and the salt in the seas. He Nurnberg, 1522 are 

so ventured upon the vexed question of latter writer, in his 

he church calendar (‘‘De Temporum tribute to Baeda in these words 
Ratione’’ : chronology, finger reckoning atquve vetustissima, vetervm lat 
‘*Tractatus de computo, vel loquela per per digitos mMAaNASg numerandi 


ee | 
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netiam log rendr) cosuetudo, Ex beda ci 
picturis & imaginibus. ... From the 1532 
edition 

A further contribution to arithmetic 
is the one on the study of fractions. This 


+ 


appears in his brief essay **De ratione 
vnelarvm,’’ referring to the Roman sub 
multiples of the as into unciae, practi 
cally the scale of twelve applied to men 
suration (linear and monetary It is 
particularly valuable since there is given 
in the 1525 edition, Venice, which I am 
here consulting) the symbols for such 
measures as the ‘‘Deunx, vel Dextans,’’ 
often puzzling to the beginner in the 
study of medieval documents. This edi 
tion contains also extracts from the works 
of M. Valerianus Probus, Petrus Di 
aconus and Demetrius Alabaldus—all 
germane to his own subject. 

A man of such repute as a scholar and 


of prominence in the chureh naturally 
attracted the attention of the faithful in 
all parts of Britain. So great was his 


renown, even after his death, that his 
tomb at Jarrow became a shrine for pil- 
grims, urged by the belief that his relies 
could perform miracles in this world and 
could relieve souls in purgatory. Espe- 
cially on the anniversaries of his death 
did priests and people assemble at his 
place of burial to watch and pray and 
chant the services for which he had led 
the singing in his monastery for many 
vears. 

In the ninth century Aleuin of York 
urged the monks of Northumbria to fol- 
low the path laid out by Baeda and not 
to forget the praise which he had re- 
ceived from men and the glorious reward 
from God. It was because of his great 
repute and the miracles reported by 
visitors to his shrine that his grave was 
later rifled for the purpose of carrying 
relics to various churches. In the 
eleventh century one Elfred (Alfred), a 
priest in the cathedral at Durham, an- 
nounced himself as commissioned by 
heaven to collect bones from the graves 
of saints and expose them to the faithful. 


MONTHLY 


In this way it is asserted that 


bones of Baeda ft 
them to Durham 
for repetition he 


eler may see in ft 


} 


rom Jarrow al 
The story 
‘re, but to-day 


he Galilee 


noble cathedral of that cit 


ing the inseripti 


On, “Hae 


Bedx venerabilis ossa.’’ 


As to the tern 


i ‘* Venerable,”’ 


hardly have been given him or 


of his great age, 


the age of sixty 


since he died at 


+ 


three It is m 


able that it was a title used somew 


in the case of ar 


‘hdeacons in the ¢ 


of England to-day and for anot] 


pose in the Chur 


ch of R me 


The portrait accompanying this 


is from an engraving of the eight 


the nineteenth century and can 


lay claim to an 
professing to be ¢ 
is a general rese 
an earlier drawi 
taken. 

For those whi 
length the contr 
ence, reference 1 


y antiquity ly 
iuthentic, however 


mblanee which sue 


ng from which a 


» eare to follow n 
ibutions ot Bede 
nay be made to 


lected works. edited by J A 


twelve volumes 

Say prefixed to 
siastica’’ by Che 
1896 


. 1843-44). and t 


his ‘*Historia E 


irles Plummer (Oy 


Baeda’s works were published s 


times in the si 


xteenth century 


Basel (1521, 1563), the 1563 edit 


pearing in eight 
The first of thes 
Arithmeticis nv1 
voted to an exte 
‘*De Arithmetic 


ratione ecalevli,’’ 


volumes bound 
e volumes contains 


neris liber,’’ chiefh 


nsive table of prod 
S proportionibvs " 
dealing with R 


money ; ‘*De loqvela per gestvm 


torvm, et temporvm ratione’ 


ratione vneliarvn 


.’’ and a treatise 


calendar with a description on the 


labe. There w 
Noviomagus (Co 
natura Rerum’’ 
in 1529. 


as also an edit 
logne, 1537). Th 


was published at 


DAVID HUGENE SM! 
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THE TEMPLETON CROCKER PACIFIC EXPEDITION 


EMATI investigation of the 


islands 
the Amer} Mu 
Natural History ever since 1920, 

Whitney South Sea Expedi 


4 } 
e Pacific Ocean and its 


-arried on by ‘an 


+ 


van its fifteen-vear survey of that 


new section, 


Wing, 


Into 


rea. Recently a 
as the Whitney 


museum, 


been 


} 
has 


the and it are 
moved the study 
f the Department of Birds 

floors in the Whitney Wing 


devoted to exhibition, and on the 


and 


collect ions 
are 


there will be a series of 


en faunal habitat groups, showing 


floor 


es on a carefully selected series of 
from the American coast to New 
The preparation of such ex 


‘its involves the collecting of vegeta- 
n. samples of soil and rocks, and the 
‘tching of landscapes, all from the ex- 
locality to be reproduced. So when 
of San 


elegant 


lempleton Crocker Francisco 
fered to place 


ht Zaca at the services of the Amer- 


his schooner 
‘an Museum for a scientific cruise in the 
Pacific, he provided the ideal opportu- 
ity to secure the materials needed for 
some of these bird groups 
The for the 
groups were in the Marquesas Islands 


sites chosen first four 
he Tuamotu Archipelago, the Bird Is 
of Peru and the Galapagos 
ands. So widely spaced are these loeali 


could he 


ands [s- 


ties that other islands 
visited along the way. 

The Museum’s Department of Anthro- 
pology has also been conducting a survey 
that of its human inhabi- 
Dr. 


Harry L. Shapiro, associate curator of 


many 


ie Pacific 


n th 


tants, especially the Polynesians. 
physical anthropology, who had already 
made five visits to Oceania. was therefore 
invited by Mr. Crocker to join the party, 
so as to continue his researches in phys- 
Cal anthropology. 

For the ornithological work Dr. Frank 
M Francis L. 


Chapman designated 


Jaques, staff 


and exhibitio 


iy 
Puce 


ship’s surgeon 

Salling from 
15, 1934 
Los Ang 


island of 


tember 
port ol 
the 
quesas On 
Hae 


we eh 


Taio 
survey, 
spot on a mounta 
Taipi Bay, hace 
Melville’s 


contain 


ah 5 pee 29 
Hib scl 


warl 


Is 


1) 
Will 


with fruit ylers 


pigeons 
as well as white terns and 
come up from the sea 
After Nuku Hiva, brie 

made to the islands of Hiva Oa 
Hiva; the Zaca 
Tuamotu Archipelago 
Hao Islands Dr 


thropological invest 


ane 


and proceeded 
ako pa 


At Tat 
Shapiro carried on 


, 
iwatlons, and al 


a rather large atoll, studies were 


the 


will 


for second bird vroup 


here be a curving 
low trees, 


palms and 
breakers offshore 


birds. whie 


sea 


grounds on uninhal 


atoll 
In November 
Tahiti, where blood group stuclies 


Next 


made of the native population 
e Austral 


call was made to tl 
and Dr. Shapiro pursued his studie 


Rimitara, Rurutu and Raivavae 


more interesting was the out Vi 


of Rapa, remarkabl 


its vegetation, where 
under more primitive con 
the Austral group 

| had 


A supply of fuel had 


been shipped 


advance to Mangareva, one 


bier Islands. Thence t 


We 


al 


Is atic 
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BAY, NUKU HIVA, MARQUESAS 


VIEW DOWN ON TAIO HAE 
for Piteairn Island, which was sighted example in human genetics 
22. It would be difficult prime interest to the anthrop 


on December 22. 
to find a more hospitable folk than the Dr. Shapiro made the very 


Des 


great opportunity. Dr. Lyma 


couple of hundred Piteairn inhabitants. 
My own impression is that of a colony 


f the isla 


repay the kindness o 
of civilized white people making a living giving medical or surgical car 
island they love, with export needed it. 


on a tiny 
a classic The Piteairn people bad 


trade all but impossible. As 











PITCAIRN ISLAND, FROM 2% MILES TO THE EAST. 
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clded to leave US 
Valparaiso to New 
The Zaca sailed ; 


+ 


touched at Coqu 


| from their huge surf boats on 


i 


Year’s Day. 1935, and we sailed 
Duecie Island, an uninhabited atoll 
next objective was Easter Island. 


vy one of the most celebrated islands coast to visit the 
e Pacific. of San Felix and San Ambr 
is easternmost outlier of Polynesia 
a little below the Tropic of 
and almost due south of Salt Lake 


carved seven species 


I this sma ininha 


birds ol 
- Capri were of special int 
oe Cushman Murphy 


The huge stone images, 
a primitive Polynesian 


City 
and erected by 
population, aroused our warm admira 


regularly 


toward the ¢ 














BREAKFAST TIME AT TERIN BAY 


a Now the bird group work begat 
nmon south ( 


Was chosen 


A plaster mold was made of 
The native popula- <A spot 
440 souls, Island to show the vast numbers 


morants, boobies and pelicans whic! 


tion. 
typical example. 
tion, still numbering some 
was studied by Dr. Shapiro. There are, 
unfortunately, no indigenous land birds, 


on these famous guano islands 
and, except around three rocky islets on years ago Mr. Jaques did pr 
the southwest, sea birds are not abun- work in this region, which has 
exhaustively studied by Dr. Mury 


dant. 
After six days at Easter Island, we 
sailed on January 19 for Valparaiso. On — which 


a few days sufficed to compl 
had the special authorizat 
the way a day was given to each of the the Peruvian government 

Now that Dr. Next came a brief 


Juan Fernandez Islands. 
Lima, then the vovage 


Shapiro’s work was completed, he de- 
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ON THE ZACA, OFF CALIFORNIA. 


RicgHt; TEMPLETON CROCKER. LEFT: CAPTAIN ALFRED PEDERSEN OF 


A visit to Tagus Cove on Albemarle’ morant, it was not a suitable 
Island showed that while it is an excel- our group. It is intended 

lent spot for the study of some of the sea indigenous land birds of the are! 
birds, and especially the flightless cor- the dove, hawk, cuckoo, mocking bir 














OF THE SURF-BOATS AT PITCAIRN ISLAND. 
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fnehes of the Geospiza group, rather than 
arine species. 

So the Zaca took us around the north 
( if Albemarle, to James Island, and 
t on to the more central island of 
Indefatigable. Here land birds oceur in 
some abundanee, and our studies were 
made at Conway Bay during a period 

nearly two weeks. This was in March, 
, hot, rainy month, when the vegetation 
is at its best, and many of the smaller 
hirds are nesting. Before we left the 
Galapagos for Panama, a morning was 
spent amid the nesting frigate-birds. 
hoobies and fork-tailed gulls on Tower 
Island. 

On the dock at Balboa on April 1 
stood Dr. Frank M. Chapman, who had 
come over from his ‘‘Tropical Air 
Castle’’ to welcome Mr. Crocker and as- 
sistants in the American Museum. 

The results of our expedition include 
not only the anthropological data, mate 
rials for the bird groups and the numer- 
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us and admirable painth 
Jaques, but als 1 tographs 
over 1,500 and ve many 


vathered here and there alo 


A rich collection of marine inverteb 


fishes and algae was made per 


SsOna 
Mr. Croeker. His series of flyin 
arge and small, is especially remat 
He and Mr. Willows secured numb 
insects from many of the islands 
there are also the anth pometi S 
blood-groupings and skeletal n 


from many of the islands, and 


plants 


These Collect ns are belng ad 


tween the American Museum. 


fornia Academy and the New 


tanical Garden. I scarcely need 


greatly indebted we fee! 


Crocker, whose distinguished 


has thus promoted sete ntifie reseal 


the Pacific, as well as the edueat 


purposes of the new W] ItThne\ 





























VIEW OF THE BAY 


- 
“fe 4 
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OF THE VIRGINS 
Fatt Hiva ISLAND, MARQUESAS, FROM A NEARBY HILL WITH ZACA AT ANCHOR 
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THE BLUE HILL OBSERVATORY TOWER 





SHOWING THE 24- AND 5-METER RADIO ANTENNAE. 
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sHORT-WAVE RADIO EXPERIMENTS AT THE BLUE HILL OBSERVATORY 
: OF HARVARD COLLEGE 


Hertz began his radio exper- 
to the 


t waves, but as these waves appeared 


chose work with very 


ave no important commercial appli 

later studies were directed to de 
ning the long waves, and in general! 
history of radio shows progress from 
Mareoni 
shorter 


onger Waves, first used by 
span the Atlantic, to waves of 
shorter length, until to-day waves 
, few centimeters in length have been 
in the laboratory, linking to 


her the short-wave portion of the 
» spectrum and the long-wave end 
the light spectrum. In the early days 
f radio communication Waves as long as 
ehteen thousand meters were used to 
er great distances and those shorter 
meters eon 


As 


shorter 


an two hundred were 


‘ lered valueless. was 


ned 
er, it appeared that 


experience 


with these waves. how 


with very low 
wer it was possible to signal over thou- 
sands of miles, due to the fact that these 
enals were reflected back to the surface 
the earth by the high ionized region 
own as the Kennelly-Heaviside layer 
\s the leneth of radio waves is decreased 
to be 


efleeted back by this layer, and it was 


about seven meters they cease 
ssumed that there was nothing to cause 
em to bend around the earth, with the 
result that they would be lost in space 
Waves 


shorter than seven meters would then be 


and not heard at distant points. 


mited to signaling between points which 


vere intervisible, and no variations in 
the signal strength would be expected. 
Although short waves have been made 
xperimentally for some years it is only 
the 
tra-high frequencies has been carried 
When the Mt. Washington Ob- 
servatory was established in 1932, on the 
New 


of Mt. Washington, in 


Hampshire, it was decided to make use 


recently that systematic study of 


summit 


five-meter radio waves for communi- 


cation purposes It soo 


these signals could be he: 
and | 


vreat distances 


equipment was lnstalies 


Observatory with wl 
IS maintained wit! 
practically all times 
tone signal which is se 
intervals from Blue H 
the 


measure Intensity 


distant points and, beg 
such measurements 


Washington, and 


These distant pots are he 


were 


later at 


optical line of sight. and 


one hundred 
Blue Hill It w 


radio signals 


ton 1s 
Irom 


as Thu 


such able 


were 


some manner and it was found 


HIS) 


instead of remaining at 


a steady te 


all times, the rose and fell 


sivghais 


Ing certain reculal 


period TICS 


automatic photographic record 


on, 
equipment was installed at several of 
observ lng pots SO t} at more eonti 


As a 


defined 


records eould he kept 


resu 


these measurements a_ well 


urnal change in signal w found 


as 
a high level during the night 


So mMaXina 
the 


morning and evening and a mini 
mum near noon, also a probable seasona 
variation, with best transmission 
the 


characterized by a good level of sign 


summer Certain 


periods are “aise 
ais 
while at other times the 


sivghals 


may 


poor for days at a time 


during 


Atmospheric conditions during such 


periods of transmission suggest that ex 


ceptionally rood reception of short vave 


signals is assoclated with temperat 


The in 


; 


inversions in the atmosphere 


provement in may be 
the 
in the atmosphere 
This 


when added to the normal be) 


re ception 


increased refraction of radio 


under these condi 
radio 


ding 


the waves undergo by dittract Ww? 


tions. refraction of 


ire 


due 0 


VaVes 
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BLUE HILL 


rRANSMITTER IS AT THE LEFT; 


SEEN TO THE RIGHT; WITH 


well account for 


hills, 


the occasional long-distance reception of 


Ing over may 
ultra-high frequeney signals. 

During the past vear experiments have 
been begun with even shorter waves, and 
at present communication is also possi- 
ble over the long-distance ‘circuits from 
Blue Hill on a of halt 


meters. These signals show even greater 


wave two and a 
variations than those experienced on five 
meters, but are still useful for communi 
Signals have been received over 
of 
fascinating 


eation. 
and a 
field of 
new 


a few miles on a wave one 


quarter meters. <A 
is opened in these 


research up 


regions, both in the systematic study of 
their behavior and also in the develop- 
ment of the technique of generating 
them. 


Experience with the short waves has 


rH 


rHt 


OBSERVATORY RADIO EQUIPMENT 


5-METER TRANSMITTER AND R 


AUTHOR IN THE FOREGROUND 


indicated some interest Ing 


tions of them, among which 


_ 


for sending back radio signals 


meteorological sounding 


balloon is an expensive a) 


undertaking. It is now 
make more general use of u 
quency 
of 


otherwise SO 
light 


weather conditions in 


. 1 
Inaccessi vit 


and transmitters are 


oped as well as directive r 


tems to aid in plotting the p 
balloon. 
tant 


orologieal st udy ; 


Thus radio may p 


new part in the 


BLvE Hii 
HARVARD 


ARTHUR Epw 
OBSERVATOR\ 
UNIVERSITY 


radio To send us Dac 


futu 


bal 


ascent into the stratosphere 1] 


| 
t 





